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STRIKING ENTOMOLOGICAL EVENTS OF THE 
LAST DECADE OF THE NINETEENTH 
CENTURY 


By Dr. L. O. 


U. 5S. 


THis is written from the view-point 
of an economic entomologist—one who 
studies insects with a view to their 
control. 

Following very soon after the estab- 
lishment of state agricultural experi- 
ment stations in the United States as the 
result of the so-called Hatch Act passed 
by the federal government in 1888 and 
the almost simultaneous founding of the 
Association of Economie Entomologists, 
there occurred four events which fixed 
the attention of the whole country upon 
the importance of entomological work. 
The first of these was the discovery of 
the gipsy moth in Massachusetts in 
1889; the second was the discovery of 
the San José seale in the East in 1893; 
the third was the discovery of the Mexi- 
ean cotton boll weevil in Texas in 1894, 
and the fourth was the discovery by 
Ross in 1898 of the carriage of malaria 
by Anopheles. The first three were 
events apparently then of importance to 
the United States only; the last was of 
great importance to all humanity. 


Tue Gipsy Motu 


It very often happens that injurious 
insects coming from abroad obtain a 
foothold in the United States in some 
way that we are not exactly able to ex- 


DEPARTMENT 


HOWARD 


TURE 


OF AGRICUI 


plain. We may know in a gen 
that they have come in in the e 
commerce in plants or plant product 
was undoubtedly the case with the Japa- 
nese beetle and the European corn borer, 
or in the straw packing about fragile 
imported packages, as may have been the 
ease with the alfalfa weevil 

But 
rather certain that it 
from Europe in the egg stage to assist in 


with the gipsy moth it seems 


was brought over 


a scientific experiment that a French 
astronomer, employed in the Harvard 
Observatory, was carrying on in the 


eross-breeding of certain silk-producing 


caterpillars in the hope of establishing a 


race that would be resistant to the 
pebrine disease which was at that time 
threatening the destruction of the silk 


industry in France. This man, Leopold 
Trouvelot, imported egg-masses of the 
gipsy moth from Europe where this in- 
sect had long been known as a destruc- 
tive enemy to forest By 
accident, the insects escaped from his 


trees some 
laboratory and established themselves in 
waste land in Medford near his house 
This was in 1869. He notified the 
tific public, but nothing was seen of the 
gipsy moth, which remained, however, 


scien- 


gradually increasing on this waste land 
until 1889 when a tremendous plague of 
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caterpillars almost overwhelmed the 
little town. The numbers were so enor- 
mous that the trees were completely 
stripped of their leaves; the crawling 
caterpillars covered the sidewalks, the 
trunks of the shade trees, the fences and 
the sides of the houses, entering the 
houses and getting into the food and 
into the beds. They were killed in 
countless numbers by the inhabitants, 
who swept them up into piles, poured 
kerosene over them and set them on fire. 
Thousands upon thousands were crushed 
under the feet of pedestrians, and a 
pungent and filthy stench arose from 
their decaying bodies. The numbers 
were so great that in the still, summer 
nights the sound of their feeding could 
plainly be heard, while the pattering of 
their excremental pellets on the ground 
sounded like rain. Valuable fruit and 
shade trees were killed in numbers by 
their work, and the value of real estate 
was very considerably reduced. So 
great was the nuisance that it was im- 
possible, for example, to hang clothes 
upon the garden clothes-line, as they 
would become covered with the eaterpil- 
lars and stained with their excrement. 
Persons walking along the streets would 
become covered with caterpillars spin- 
ning down from the trees. To read the 
testimony of the older inhabitants of the 
town, which’ was collected and published 
by a committee, reminds one vividly of 
one of the plagues of Egypt as described 
in the Bible. 

During all this time the Medford 
people had been under the impression 
that the insect which they were fighting 
in their gardens was a native species, 
and they knew it simply as ‘‘the cater- 
pillar’’ or ‘‘the army worm’’; but in 
June, 1889, when the plague was at its 
height, specimens were sent to the Agri- 
eultural Experiment Station at Am- 
herst, and were identified by Mrs. C. H. 
Fernald as the famous gipsy moth of 
Europe. 


A town meeting was immediat 
ealled in Medford, and work against 
insect was begun. The next year a st 
appropriation was made, and very act 
and intelligent investigations were 


ried on under continually increasing 
appropriations until 1901 when, unf 
tunately, just as the possible extermir 
tion of the species appeared to be 
sight, the appropriations were stop) 
and were not renewed for four y 
During those four years the inse 
creased and spread from an area 
about 400 square miles to one of 4,/ 
square miles. 

In 1905 the federal government 
ealled in and since that time has n 
large appropriations annually. 

When the fight was rebegun in ] 
it was realized that the opportunity 
extermination was gone, and that 
efforts should be based upon the ideas 
control and prevention of spread. It 
a pity that the state appropriations wer 
interrupted in 1901. It is a pity tl 
the federal government did not take | 
at the start and make every effort to « 
terminate the pest while it was still ¢ 
fined to the vicinity of Medford. B 
the government did not do things of t 
sort at that time. Appropriations wer 
small and hard to get. The economi 
New Englanders were tired of the ex 
pensive fight, and it is hard to blam 
them. Knowing what we do now, it 
would seem that the federal Bureau 
Entomology might fairly be blamed f 
lack of foresight in not warning Con- 
gress and the other states of the er 
danger and in not appealing to Congress 
for funds with which to prosecute radi- 
eal work. As I look back, the idea seems 
never to have occurred to us. It seemed 
to us a state matter which Massachusetts 
could handle if she would. There is 1 
doubt that prior to 1901 large areas had 
been so carefully gone over by stat 
forces that the gipsy moth was extermi- 
nated locally, and we argued that if this 
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could be done over a number of square 
miles it could be done over the 400 
square miles then occupied by the insect. 

All this is now, however, vain specula- 
The insect has spread gradually, 
nd for a very large part its commercial 


t10n. 


spread in great jumps has been pre- 
vented by quarantine and inspection. 
Such commercial jumps have occurred, 

wever, in one case as far as Ohio, and 
, several cases in New York. All, how- 
ever, have been discovered in time, and 
vigorous work has exterminated the in- 
sect, except in a large New Jersey out- 
break which is only now being reduced 

such an extent that successful exter- 
mination seems a matter of a very few 
years. This last case, by the way, was 
not a commercial jump, but undoubtedly 
accidental from 


direct importation 


Europe. 

But the other New England states 
have all been invaded, and all of them 
have passed legislation compelling com- 
munity and individual work. The fed- 
eral government has occupied itself 
along the boundary of spread in the 
effort to hold the pest in check. In the 
interior, the states have been supposed 
to control destructive outbreaks. At the 
resent time both New York State and 
he federal government are holding it 
back along a line extending from Can- 
ada to Long Island Sound (virtually the 
valley of the Hudson River) which has 
been termed a ‘‘ Hindenburg line.’’ 

Some years after the gipsy moth was 
discovered in Massavhusetts another 
European pest, the brown-tail moth, was 
found to have been imported in its win- 
ter webs on rose bushes from Holland 
and to have become thoroughly estab- 
lished, and the study of this insect and 
its treatment included with the 


T 
I 


was 


gipsy moth work carried on by the state. 
The brown-tail moth, however, after a 
comparatively few years proved not to 
spread so rapid!y as the gipsy moth, and 
to be so easily handled by the cutting 


and burning of its 


during the winter time and moreover so 


conspicuous Weds 


readily attacked by parasites imported 
from Europe that it has ceased to bi 
considered as a pest of the first impor 


tance. 


The operations against these two in 
sects, and espe lly the gipsy |! 
constituted the largest and most contin 
uously active work supported by sla 
tive appropriations that the country had 
yet experienced. The cotton boll 
work differed in the fact that the 
vaded states can hardly be said to hav 
done their share financially, at least in 
comparison with the New England and 
bordering states 

The gipsy moth work has accon 
plished several notable things in ad 


tion to what in 


more or less of a feat, namely, k« 
all this time practically within the bor 


ders of the New 


other things are, first, a strikn 
provement in insecticides. The old 


Paris green, upon which farmers and 
fruit-growers had relied during the la 
ter part of the last century, 
in the ordinary solutions, to be inef 
tive against the gipsy moth. The vigor 
ous caterpillars of this 
Tr 


found, can consume with impunity a 


most ten times the 


quantity of arse 


that would kill any other caterpillar 
against which it had been used, and 


larger proportions of arsenic could 1 


be used the burning of foliage 


since 
would result. In the course of the work 
of chemists emp! ved by the State of 
Massachusetts, arsenate of lead 
found to be effective 
to foliage, 


used by the thousands of tons, not on y 


and not injurious 


and this substance has been 
in the work against the gipsy moth but 
in orchard work against the codling 
moth and many other insects 

The second result of tlie gipsy moth 
work was the enormous improvem: 


spraying machinery. In the spraying oi 
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tall trees, spray nozzles were soon aban- 
doned, and solid-stream nozzles substi- 
tuted. The stream of poisoned water 
thrown up with great force from the 
powerful machine breaks into the requi- 
site spray long before it reaches the tops 
of tall trees. All the features of the 
machines and of the hose were gradually 
improved, and it has of late been one of 
the marvels of applied entomology to see 
a spraying machine by the roadside in 
the mountainous southern 
New Hampshire getting its supply of 
water from a roadside stream, and, 
through strong sectioned carried 
up over the top of hills of considerable 
size, spraying the trees on the other side 
of the hill, perhaps nearly a mile away. 

In the course of the gipsy moth work 
entomologists found themselves able to 


regions of 


hose 


carry out on a very large scale and for 
continuous years the importation of 
parasites of the gipsy moth and the 
brown-tail moth from Europe and from 
Japan. The funds at their disposal 
allowed the entomologists to make very 
eareful studies of these parasites and of 
the general subject of parasitism among 
insects. While there has been nothing 
spectacular in the results of this side of 
the investigation, there can be no doubt 
that the importation of many species of 
these parasites and natural enemies has 
resulted in great good. A number of 
them have been established in this coun- 
try, and the present condition of the 
woodlands of New England as 
trasted with the conditions that existed 
twenty years ago is attributable in no 
small part, I believe, to the destruction 
of both gipsy moth and brown-tail moth 
by these imported species. 

The country has been fortunate in the 
type of men connected with this work 
from the start. The fine volume pub- 
lished by the State of Massachusetts in 
1896, which is a report of the work on 
the gipsy moth and was written by E. H. 
Forbush, field director in charge of 


con- 


remedial work, and C. H. Fernald, 

sulting entomologist, is a model of 
kind. Dr. Fernald continued his act 
interest in the work as a consultant 
many years. Mr. Forbush 
until the state appropriations stopped 
1901. When they were resumed in 19 
he was succeeded by A. H. Kirkland 
former student of Professor Fernal 
who grew up with the work and 


was act 


proved to be an inspiring and effici 
executive. Later the work 
over by the state forester, but the gr 
emergencies had passed, and little m 
needed within the invaded stat 
than more or less routine work. 

Of the part that the federal Bur 
of Entomology took in the work, it 1 
only be stated that we entered upor 
first in 1905, at the invitation of 
State of Massachusetts, and that 
efforts were confined for the first { 
years to the importation of Europ: 
Later the f 


make lai 


was ta 


was 


parasites and their care. 
eral government began to 
appropriations to assist in the preve: 
tion of the further spread of the insect 
and in the conduct of that work Mr 

F’. Burgess has shown himself to be most 
efficient and resourceful. He was aid 
in the quarantine features of the wor 
by Mr. D. M. Rogers, a Massachusetts 
man, who had been associated with t! 
project from the Thes 
quarantine features constituted the first 
federal quarantine work against insects 
done in this country, antedating the es 
tablishment of the Federal Horticultural 
Board by several years. 


early days. 


Tue San José ScaLe 

When Professor Comstock, in th 
summer of 1880, found Aspidiotus px 
niciosus in the Santa Clara Valley of 
California he was so impressed by th: 
damage which it was doing that he had 
no hesitation in applying the specific 
name perniciosus to it, since, as he said: 

From what I have seen of it, I think it is 
the most pernicious scale insect known in this 
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yuntry; certainly I never saw another species 
so abundant as this is in certain orchards which 
I have visited. It is said to infest all the de 

us fruits grown in California, excepting 
peach, apricot and the black Tartarian cherry. 
It attacks the bark of the trunk and limbs as 
well as the leaves and fruit. I have seen many 
plum and apple trees upon which all the fruit 
was so badly infested that it was unmarket- 
able. In other instances I have seen the bark 
f all the small limbs completely covered by the 
scales. In such instances the wood beneath the 
bark is stained red. 

In his account he gave the insect the 
common name of ‘‘the pernicious seale’’ ; 
the name ‘‘San José secale’’ seems to 
have originated in California, a term to 
which the citizens of San Jose have 
always objected. 

The insect spread along the Pacific 
coast rather rapidly and was the occa- 
sion of much loss, but for years was con- 
fined to that part of the country. 

The species was not known to Eastern 
fruit-growers until 1893. In August of 
that year Dr. Hedges, of Charlottesville, 
Virginia, discovered some curious spots 
on his favorite pears and sent them to 
Dr. Galloway, of the Department of 
Agriculture, thinking that they were a 
fungus disease of some kind. Dr. Gallo- 
way brought them to me, and I jumped 
from my chair in excitement on recogni- 
tion of the fact that the San José scale 
was at last in the East. Men were sent 
at onee to Charlottesville, and an effort 
was made, by the use of oil insecticides, 
to exterminate the outbreak. In the 
course of the next few months, however, 
scales were received from Maryland and 
Florida ; and hence in the spring of 1894 
an illustrated warning circular was sent 
out which resulted in the receipt of 
specimens from very many localities, 
and it was found that the dread orchard 
pest was rather thoroughly established 
throughout the Eastern states, largely 
from the fact that two firms of nursery 
dealers in New Jersey had imported in- 
fested stock from California, that their 
nurseries had become well infested and 


that the stock which they had sold het 
and there and everywhere had carried 
the scourge. 

The announcement of these facts 
aroused the most intense interest among 
fruit-growers everywhere. The ent 
mologists of the different states at onc 
began investigations and experimental 
work. The sale of nursery stock had 
become so great an industry auring r 
cent years, and the multiplication of this 
scale insect is so rapid, that, without 
another introduction of the seale from 
California, the products of two introduc 
tions in the East had in six years been 
spread through portions of almost every 
one of the Eastern and Middle states 
Not only the economic entomologists, but 
the agricultural and horticultural soci 
ties, the agricultural journals and th: 
state organizations became aroused, and 
in the next few years the literature ré 
lating to this insect became enormous 
Within five years its bibliography com 
prised several hundred titles of perma 
nent record, and several thousand 
articles had appeared in ephemeral pub 
lications. It had occupied the attention 
of nearly every meeting of farmers and 
fruit-growers that had been held in the 
Eastern states, from the village clubs t 
the great state horticultural or agricul 
tural societies. It had been the excitu 


eause of a national convention of fru 


, 
growers, farmers, entomologists and 
nurserymen. It had been the subject ot 
legislation in sixteen states of the union, 
and its suppression was the principal 
object of two bills before Congress 
Thus the entomologist had become a per 
son of much importance. 

But this was not all. On February 5 
1898, the emperor of Germany issued a 
decree prohibiting the admission of 
American fruits and living plants into 
Germany. A day or so later a shipment 
of California pears arrived at the port 


of Hamburg and was refused admit- 
tance. The fact was telegraphed to 
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American newspapers and there was 
much excitement both in horticultural 
and in official circles. General interest 
was created by the more or less sensa- 
tional articles published. 

For some days there was no knowledge 
in this country of the wording of the de- 
cree, and beyond the fact that it was 
understood that the introduction of in- 
jurious from America 
feared, no reason for its promulgation 
The general impres- 
that 
issued at the instigation of the agrarian 
party in Germany and that it was to be 
considered as a retaliatory measure 
against the United States for 
tariff legislation by this country. All 
the early articles published in the 
United States protested vigorously 
against the enactment, and insisted that 
there was no ground for it, since the 
danger to Germany from American in- 


insects was 
could be assigned. 


sion seemed to be the decree was 


certain 


sect pests was purely imaginary. 

Californians were particularly indig- 
nant, since it was a shipment of Califor- 
nia pears that had been refused. Inter- 
views with Congressional representatives 
of that state, published in Washington, 
stated that California especially prided 
herself on the cleanness of her fruit and 
upon the vigorous measures which for 
years she had taken to prevent the intro- 
duction of injurious insects within her 
boundaries. It was reported in the 
that vigorous diplomatic 
correspondence between the two govern- 
ments ensued and that Ambassador 
Andrew D. White had been instructed to 
protest energetically against the edict 
and to endeavor to secure a modification 
of its terms. 

It was not long, however, before the 
text of the imperial decree became 
known, and it was then found that the 
particular insect aimed at was the San 
scale. When Ambassador White 
at the instruction of Secretary of State 
Judge William R. Day, called on the 


newspapers 


Ji sé 
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foreign minister, Von Biilow, in Ber! 
the latter sent a clerk for certain d 
ments and handed the American am} 
sador a bulletin on the San José sea H 
that had been published in 1896 by 
Department of Agriculture at Washi m 
ton and that contained all the facts . W 
cerning the destructiveness of the in 
and its menace to Eastern orchai 
(Possibly the fact that Dr. White, 
had been president of Cornell Univ I 
sity, discovered that the bulletin 
been written by one of his own for s 
students 
assurance to its soundness. 
The action of 


may have given an add 


Germany immediat 


ealled the attention of other nations t 
the danger which similarly threate: 
them. On Mareh 18, 1898, Can: S 


passed a prohibitory law known as 
**San José Seale Act.’’ A month later ( 
the government of Austria-Hunga1 
issued a decree simultaneously at Vien: 
and Budapest prohibiting the import 





tion into that country from America of 
all living plants. Holland and Swed 
sent experts to the United States 


make a study of the situation. 

Thus the San José seale not only w: 
the cause of a very great arousing of 
terest in matters in t 
United States, but also promoted inter 
national quarantines on a very larg 
seale. 

From the action that foreign govern- 
ments took at this time we may date the 
beginning of the agitation in this coun- 
try to provide for our own protection 
against foreign importations, which, de- 
layed for years largely by the lobbying 
of the very interests which ought to hav: 
been most friendly to its passage, was 
finally enacted into the federal horticul 
tural law of 1912. 

While the United States has thus per- 
haps ultimately profited by the whole 
experience, there is one lesson which sh¢ 
might have gained but which she does 
not seem to have learned. Germany at 


entomological 
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that time had an agricultural expert 
attached to her embassy at Washington. 
| think that it was Count Beno von 
Hermann. He was a charming young 
man, well posted and a ready talker. I 
myself handed him in my office one day 
when he called a copy of the bulletin 
that brought about all the trouble for 
the United States and which was after- 
wards shown to Ambassador White by 
Foreign Minister Von Biilow. The 
United States should have had, and 
should have, men of similar ability in 
agricultural lines attached definitely as 
‘agricultural attachés’’ to its principal 
foreign offices. This was done once, in 
the case of C. W. Stiles, who was sta- 
tioned in Berlin for a time when the 
subject of trichinosis in German meats 
was under dispute, but it has never be- 
come a p ractice. 

At the present time the San José scale 
is not the terrible orchard pest that in 
1898 we feared it would become. This 
does not mean that the alarm excited 
among the fruit-growers by the ento- 
mologists was in the least unjustified. 
It does not mean that the scale is con- 
trolled by parasites that have become 
habituated to it. Apparently it does not 
mean that our fruit-trees have developed 
qualities resistant to scale damage, al- 
though this has been suspected in re- 
gions which have harbored the scale for 
the greatest length of time. It does 
mean, however, that the entomologists 
and the orchardists have developed 
remedial treatment, applied especially 
during the dormant season, in the way 
of lime-sulphur and mineral oils, which 
destroys the overwintering scales and 
thus prevents serious damage during the 


following summer. The scale still ex- 
ists in nearly all orchards, and there is 
always a reservoir of living material on 
untreated garden fruit-trees growing 
along the road sides or on waste lands. 
For some unknown reason, such trees, 
although stunted in their growth and 


producing very inferior and s 
fruit, continue to live for many 
Possibly, to a slight extent, the 


developed resistant qualities. 


But the United States grows as 


. 


and even more good fruit than 


thirty years ago, although at th: 


} 


I 


greater expenditure (Quaintane: 


estimated it at twenty muilions 


each year Winter washes hav: 
an annual charge against th 
growers, and the control of t 


José scale is simply another instar 


which we are still bliged to spel! 


Sums Of money in fghnting an 


species while we are still trying 


some easier, cheaper and mort 
means. 
I should have stated earlier 


account of this insect, although 


it has been inferred, that intens« 


tigation of its biology was begun at 
and that it is one of the species that 


been most studied by careful w 
When Comstock found it in th 


Clara Valley of California h 
the pernicious scale. It is in so 
unfortunate that it has com 
known popularly as the San J 
It was suspected for a time tl 
Lick brought it in from Chil 
twigs, and at another time 
brought it from Japan. The « 


to its origin was eventually s 


Marlatt who studied it in Japa 


decided that Japan got it 


United States. He afterwards f 


in China under such conditio1 


show that its original home wa 


China. Further than that, h 
that in all probabili 

ported it, possibly through the 
ary, Dr. Nevius, on the fi 
Chinese peach. Marlatt in his 


fully interesting account of his 


for the native home concludes 
insect should be known as the 
seale and that it came to this ¢ 


some ornamental stock from nort! 


tv James Lic! 
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THE Cotton BoLtt WEEVIL 
Seemingly unimportant things that 
are later connected with great events are 


well worth recording. Back in 1843 a 
Swedish entomologist named and de- 


scribed in Europe a little weevil which 
had been collected by some one in Vera 
Cruz, Mexico. The entomologist was C. 
H. Boheman, and he ealled the weevil 
Anthonomus grandis. In 1871 a Ger- 
man named E. Suffrian 
recorded the same insect as occurring in 
Cuba. That is all that the world knew 
of this famous insect down to 1880. In 
that year a very interesting man named 
Dr. Edward Palmer, an Englishman by 
birth and a professional botanical collec- 
tor, who had traveled greatly in Mexico 
for the U. 8. Department of Agriculture 
and for Harvard University, found that 
a small, dark-colored weevil was doing 
great damage to cotton in the neighbor- 
hood of Monclova, Mexico. He sent 
specimens of this weevil to the Depart- 
ment of Agriculture in Washington 
with the statement that the insect had 
stopped the cultivation of cotton in that 
part of Mexico. 

When Dr. Palmer’s letter and speci- 
mens arrived in Washington (the letter 
was addressed to the then Secretary of 
Agriculture, J. M. Rusk), Professor 
Comstock California; E. A. 
Schwarz, the experienced beetle man, 
was then working with the U. S. Ento- 
mological Commission and not with the 
Department of Agriculture, and the 
writer, who knew very little about 
beetles and to whom the correspondence 
was referred since he was in charge of 
the entomological office, took the speci- 
mens to Mr. Henry Ulke, an artist, 
musician and famous collector of Coleop- 
tera, who lived in Washington. The 
insect was new to Ulke, and he sent it to 
Dr. George H. Horn, of Philadelphia, 
the foremost American authority on 
beetles. The insect proved new to Dr. 
Horn also, and he in turn forwarded it 


entomologist 


was in 


to a well-known writer on the weevils 
Paris, Monsieur A. Sallé. Eventua 
the name came back, and we had at kk 
the satisfaction of knowing the nam: 
the Mexican pest. 

No mention was made of this matt 
in any of the publications of the Depart 
ment of Agriculture until 1885 wh: 
Professor Riley having returned as chi 
of the entomological service of this 
partment, the mere fact was mentio 
in his report for that year. 

Again some years elapsed, and t 
the species was brought very forcibly 
the attention of the department. 0 
October 3. 1894, Mr. C. H. DeRyee, 
Corpus Christi, Texas, sent the foll 
ing letter to the Department of Agricu 
ture in Washington: 
cotton of this sect 


The ‘*Top’’ 
has been very much damaged and in some cas 
a peculiar wer 


crop of 


almost entirely destroyed by 


or bug which by some means destroys 
squares and small bolls. 
bat the cotton worm but are at a loss to kn 
what to do to overcome this pest. They cla 
the ordinary methods of poisoning for cott 


They pr I 


Our farmers can ¢ 


worm have no effect on these bugs. 
ably deposit their eggs in the square and th: 
larvae boll as 
formed there out of 
poison. 

Will you kindly, for the benefit of our far: 
ers, let me know what this pest is and send 1 
any literature that may be available with 
formation which will enlighten and benefit « 
farming people. 

I send you by mail to-day a lot of these bugs 
put up in a small vial. Have put some coarsely 
ground flax seed in with them which may keep 
them alive till you receive them. 


soon as sufficient 


reach of 


enter the 
and are 


Mr. DeRyee was a member of the firm 
of DeRyee and Bingham, dealers in 
drugs and medicines. The exact locality 
from which these specimens came was 
not given, but it was obviously not ver) 
far from Corpus Christi. The original 
sendings did not reach Washington, and 
an additional sending was requested. 
On October 26, 1894, more were received 
and were identified as Anthonomus 
grandis by Dr. Schwarz, who had re- 
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sumed his work in the Department of 
Agriculture. The situation appeared to 
be so serious that C. H. Tyler Townsend 
was sent from the department, and from 
November 15 to December 15 traveled in 
south Texas and adjacent Mexican ter- 
ritory, and submitted an alarming 
report. 

Between the time when Dr. Palmer 
found the insect at Monclova and the 
receipt of Mr. DeRyee’s letter just 
quoted, it had begun to do damage at 
points farther east, and from Matamoras 
had crossed the Rio Grande at Browns- 
ville. It must have been in the Browns- 
ville region before 1894, but north of 
this point there was a large area in 
which there was no cotton. Evidently, 
however, cotton had been carried for 
ginning north to Alice, and thus the 
insect became established in the good 
cotton region about Alice, San Diego 
and Corpus Christi. Mr. Townsend 
reported that the damage to the crop 
during 1894 in this latter region 
amounted to from 75 to 90 per cent. 
The remedies that he suggested included 
burning the fields, flooding where this 
was possible, rotation of crops, picking 
and burning the bolls and turning cattle, 
hogs, ete., into the cotton fields. He 
especially recommended the abandoning 
of cotton throughout a wide strip of 
country along the Texas border. He 
showed that a fifty-mile non-cotton zone 
would protect the United States, and 
gave it as his opinion that crops more 
valuable by far than cotton could be 
raised in the territory. 

The following year the insect spread 
further. Mr. Townsend was in the field 
and was joined by E. A. Schwarz and 
later by the writer; by the close of the 
year the weevil had been found as far 
north as San Antonio and as far east as 
Wharton. Texas had become seriously 


alarmed. The then governor of the state 
(Charles A. Culberson, later for many 
years U. S. senator) visited Washington 
the following winter. He was an old 


friend of Dr. C 
Assistant 


W. Dabney, at that tim: 
Secretary of Agricultur 
The writer was called into consultation 
and the governor was strongly urged 
forward legislation by the Stats 
Texas establishing an anti-pest law and 
creating a non-cotton zone for the pr 
tection of the rest of the state and th: 
rest of the cotton belt—a law, in fact 
comparable in many respects to the 
state pest law of California which was 
the first state law of this kind to b 
adopted. 
nor’s approval, the bill was drafted and 


The plan met with the gover 


presented to the Texas state legislatur: 
but it failed to pass, and it seems saf< 
to say that the responsibility for th 
enormous loss which followed lies at th: 
door of that particular legislature 

The spread of the insect continued 
A state convention was held at Victoria, 


} 


Texas, and was attended by many plant 
ers, bankers and merchants. The legis 
lature of the state passed a bill provid 
ing for the appointment of a state ento 
mologist with a limited appropriation 
for an investigation. 

The U. 8. Department of Agriculture, 
realizing that the state wished to do this 
work, stopped its own investigations and 
referred all correspondence to the new 
state entomologist of Texas. 


1In April, 1896, Dr. Marlatt, in th 

of a general trip of inspection to the South 
west, including California, spent a week study 
ing the boll weevil situation in southern Texas, 
and in cooperation with Judge Borden con 
ducted some tests with arsenical sprays. Th 
tests demonstrated clearly that the early 
appearing weevils fed readily on volunteer 
cotton, piercing the leaves with minute holes 
and could be easily killed by an arsenical ap}; 
cation. The possibility of thus destroying 
overwintered weevils on volunteer cotton prior 
to the appearance of the newly planted crop 
had special significance on account of the b 
lief that the weevils never feed on the leaves 
and that therefore arsenical applications to thé 
foliage would be valueless. . These tests wert 
the basis for the recommendation of poisoning 
volunteer cotton, the weevil at that time being 
limited very largely to a region of such volun 
teer growth. 
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The spread, however, continued, and 
as it became certain that other states 
were threatened the federal government 
once more took up the investigation in 
the spring of 1901. The late W. D. 
Hunter was appointed to head the work, 


and continued in charge until his 
lamented death in October, 1925. 
Hunter and his associates, notably 


Dr. W. E. Hinds (now state entomolo- 
gist of Louisiana) and later Dr. W. D. 
Pierce, built up a strong organization, 
and very early decided, after a very 
large-scale field demonstration, that a 
agricultural methods was 
necessary. They demonstrated that, 
with the use of an _ early-maturing 
variety of cotton and a forcing of the 
crop, bringing about an early harvest, 
and the destruction of all cotton stand- 
ing in the field by the end of October, 
damage by the weevil could be reduced 
to the minimum and its spread greatly 
delayed. Little or no attention, how- 
ever, was paid to the recommendation. 
In the main, cotton continued to be 
planted and harvested in the same old 
way, and the spread of the insect con- 
tinued. It crossed into Louisiana in 
1903, into Mississippi in 1907 and so on 
year after year until, in thirty-one years 
after the crossing of the Rio Grande, it 
had invaded practically all the more 
than six hundred thousand square miles 
included in the so-called cotton belt. 

No one who has never lived in the 
South can appreciate what this meant. 
At the time of the weevil’s advent, so 
large a measure of the prosperity of the 
South depended upon this one crop that 
its loss practically affected every indus- 
try and every individual. As it spread 
year after year, partial paralysis fol- 
lowed it at first. Mortgages on old 
plantations were foreclosed ; Negro labor 
fled before the weevil’s advance; 
wealthy families were reduced to com- 
parative poverty; banks failed; planters 
and speculators committed suicide. 

All these things happened, and hap- 


change of 


pened very many times, but the spr 
of the weevil seemed as inexorable as 
fate. Louisiana made a desperate sta 
against its entrance from Texas, but 
not cause it more than a temporary 
lay; and after the Mississippi bott 
lands were invaded it became appa: 
to all thinking and far-sighted men t 
the situation of the cotton belt was litt 
short of desperate. But the mass of 
planters paid little heed to the warni: 
and advice of the experts. Wise pr 
ets were scouted as alarmists, and \ 
many took the stand that measu 
should be taken when the weevil s! 
come and not before, apparently fee 
that something indefinite would hap; 
to retard or stop the spread and so sa\ 
them. It is true that a delegation 
prominent men from the Carolinas a: 
from Georgia visited the infested regions 
and the government laboratory 
Louisiana at one time and grasped 
seriousness of the situation and foresa 
the future disastrous results of the 
nothing policy. These men issued a 
vice and warning to the planters of their 
states. But their prophetic wisdom met 
with no adequate response, and imp 
erishment, failure and suicide marc! 
steadily along with the weevil’s progress 
It is true also that, under the urge 
the federal government and with tl 
support of Congressional appropria 
tions, a great campaign was started ‘‘t 
meet the emergency caused by the ad- 
vent of the boll weevil,’’ and that stren- 
uous efforts were made to start new 
agricultural industries, te vary tl 
crops, to draw the South from its abs 
lute dependence on a single culture 
This movement was the beginning of 
wave which has run over the South and 
laid the groundwork for the rapid 
growing activities now to be seen al! 
through that portion of the country. 
Nevertheless, history repeated itself 
again and again. After a few years 
weevil, that is to say, a few years of fail- 
ure and despair, an invaded state or 














STRIKING ENTOMOLOGICAL EVENTS 15 


section of a state began to recover hope, 
to vary its crops and to continue to grow 
eotton, at a greater cost it is true, but 
with the spirit of enterprise and fight 
that carried it once more into a condi- 
tion of comparative prosperity. Poor 
eotton lands have been abandoned; bet- 
ter ones have been more intelligently 
worked, and good crops have been 
grown in spite of the weevil. 

All through this era, and in spite of 
the discouragement due to apparent lack 
of appreciation on the part of the pub- 
lic, the entomologists have worked man- 
fully. The original headquarters of the 
investigation at Victoria, Texas, were 
early removed to Dallas and later to 
Tallulah, Louisiana. As the northeast- 
ern part of the cotton belt was invaded 
a substation was established at Florence, 
South Carolina, where, in cooperation 
with the state, careful investigations 
were carried on to decide the variations 
in the life history of the extremely 
adaptable weevil which might have been 
brought about by its invasion of new and 
somewhat different territory. 

Able minds of trained men were con- 
stantly searching for new light, and 
every suggestion that was made, not only 
by men familiar with the cotton crop 
but by ingenious individuals all over the 
country and in fact in many parts of the 
world, was tested by the experts. And 
these experts included not only the men 
in the federal service but also the official 
entomologists of the different states. As 
to these last men, it may be stated that, 
although at the beginning of the cotton 
boll weevil investigation there was 
hardly a single trained economic ento- 
mologist in the South and in fact no 
educational institution that trained such 
men, the lack was soon noted, and the 
Southern colleges and universities took 
up entomology and began to turn out 
strong and well-trained young men. 

At the time of present writing, in 
spite of the enormous loss which has 
been caused by the weevil, conditions in 


the South are immeasurably better than 
they were twenty-five years ago. It is 
true that the abolition of the menace of 
yellow fever and the practical abolition 
of the hookworm have been tremendous 
boons, but the boll weevil experience has 
probably been a blessing in disguise—in 
a very terrible disguise, but nevertheless 
a blessing. Appreciation of the fact is 
slowly coming. In fact, in at least on 
locality it was realized a number of 
years ago, when a statue was erected to 
the boll weevil by the citizens of Enter- 
prise, Alabama, with the legend, ‘‘In 
profound appreciation of the boll weevil 
and what it has done as the herald of 
prosperity.’’ 

The very competent cotton planter 
and economist, Mr. Alfred Stone, of 
Mississippi, in an address before the U 
S. Chamber of Commerce in Cleveland, 
Ohio, in 1924, advanced the idea that 
**the boll weevil is not the dominantly 
controlling factor in cotton production 
which it is thought and claimed to be by 
the average man who considers or dis- 
cusses the subject.’” He went on to say 
that if this were true 
it would follow as a logical sequence that the 
final control of the weevil would mean such an 
oversupply of American cotton as would g 
the markets of the world. If this were true 
then the control of the weevil would be a 
calamitous thing for the cotton grower, instead 
of a benefit, for his product would share 
inevitable economie fate of the extreme over 
production of any commodity. 

As early as 1924, Dr. Clarence Poe, 
the editor of the Progressive Farmer 
summarized nine clearly indicated and 
logical results of the boll weevil investi- 
gation in addition to the obvious result 
that the one-crop system was being done 
away with and that diversification was 
being promoted. The nine results dis- 
cussed by Dr. Poe were as follows: (1 
The boll weevil is speeding up the proc- 
esses of agricultural evolution in the 
South. (2) The boll weevil discourages 
absentee Izndlordism, which has been 
one of the great curses of the South. 
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(3) The ancient crop-mortgage, ‘‘time- 
prices’’ system, which has so long cursed 
the South, has also been hard hit by the 
coming of the boll weevil. (4) Agricul- 
ture will become more nearly boss of 
itself and not the tool of the mercantile 
interests. (5) The boll weevil sharply 
penalizes the traditional indifference to 
soil fertility which has also been one of 
the curses of the South. (6) The boll 
weevil necessitates higher grade tenants 
and renters and disperses those who do 
not come up to the new standards. (7) 
We must now have more intelligent labor, 
even to make cotton profitable, and this 
opens the way for other lines of farming 
progress heretofore neglected. (8) The 
boll weevil penalizes agricultural indif- 
ference and insures agricultural alert- 
ness. (9) Last but not least, the coming 
of the boll weevil promises to give us on 
Southern farms a greater proportion of 
men who really love farming. . . . The 
weevil has greatly intensified the strug- 
gle for the ‘‘survival of the fittest’’ and 
has caused thousands of the unfit to go 
into other industries and other sections. 
.. . From now on, cotton growing de- 
mands alert intelligence. The boll 
weevil has speeded up both the passing 
of the clodhopper and the coming of the 
up-to-date farmer. 

In the great boll weevil investigation 
two names stand out most prominently 
among those of many who from time to 
time have been connected with it, 
namely, W. D. Hunter and B. R. Coad. 

W. D. Hunter, of Nebraska, selected 
for the work in the spring of 1901 on 
account of the ability he had shown in 
another investigation, stayed in the cot- 
ton states, mainly in Texas, for the rest 
of his life. Centering around the boll 
weevil, his work gradually came to cover 
the whole subject of insects injurious to 
Southern field crops, and later of insects 
affecting domestic animals and the 
health of man. He was respected and 
loved by many of the most prominent 


people of the South, and no man 
ever more sincerely mourned. He « 
bined scientific methods and scient 
insight with a broad knowledge of pra 
tical affairs to an extent seldom found 
an individual. 

B. R. Coad came to the laboratory 
Victoria, Texas, from the Universit; 
Illinois in 1911. In 1915 he was pla 
in charge of the boll weevil laborat 
at Tallulah, Louisiana, and Dr. Hunt 
gradually turned over to him the ent 
management of the boll 
Coad developed the process of cott 


weevil W 


dusting with calcium arsenate to suc 

perfection that it became the standa: 
protection of cotton against the wee 
and later brought about the use of a 

planes for the distribution of the pois 
dust over large areas. Many pe 
think that it been 
through his labors that cotton can 


has very larg 
grown profitably in the presence of t 
weevil. He is now in charge of the wor 
on cotton insects for the U. S. Bureau 
Entomology.’ 

2While I omitted 
officials, a number of whom did excellent w 


have mention of st 
in the course of the investigation of this pes 
the name of Wilmon Newell stands out for 
Mr. Newell went south 
1902, and was stationed for a time in Te: 
In 1903 and most of 1904 he was state ent 
mologist of Georgia, and in the latter part 


very special reason. 


the latter year he was made entomologist of t 
Louisiana Experiment Station and 
and entomologist of the Louisiana Crop Pes 
Commission. These posts he held until 191 
when he returned to Texas; eventually, in 191 
he became plant commissioner for the St 
Plant Board of Florida. In 1921 he was m 
dean of the College of Agriculture of the U: 
versity of Florida, director of the Florid 
Experiment Station and director of the agr 
cultural extension division of the University 
Florida. His name stands out among the wor 
ers on the cotton boll weevil for the reason t! 
in 1907, in Louisiana, he first tried powder 
lead arsenate against the boll weevil. Larg 
field tests followed in 1908 and 1909, and tl 
results showed a decided increase in the yi 
on the poisoned plots. This was the first 

of an arsenate in powder form against 
weevil, and undoubtedly led naturally and 


secretar 








Me wee 





rida 


igT 


or 


the work, largely biological, of 
| s and Pierce and otf many other 
nts must not be forgotten Poss! 
» other insect is. better known 


than 1S Anthonomus qrandis 
rst visited the field in 1896, joing 


send and Sehwarz. Again | joined 





Hunter in the summer of 1901, and for 
vears thereafter went to the Sout! 
vear to see the conditions and thi 

So vivid were the impressions | 

vained, so novel were the experiences, s 
and so delightful were the new 

Southern friends and so sad was. the 

| vht of many of them, that for many 
rs the Soutl the Southern peopl 

the boll weevil were uppermost in 

mind The bravery of the peopl 

mnderful way they accepted a bun 

n that would in any other region hay 
riven thousands to despair, Was a reve 


to me They actually joked about 
this small but terrible enemy; cheap 
cigars were called ‘boll weevils’’: sign 
boards said, **‘ Forget the boll weevil and 
come to ‘such and such a} show’’; the 
boll weevil became a daily and even an 
hourly word; the man in the street was 
heard in a fight to eall his Opponent a 
blank blank boll weevil—evidently not! 


g worse, In his opinion, could be said 





A politician in the heat of political 
argument was quite apt to call his op 
j ponent a boll weevil A prominent 
official of one state was called ‘‘the 
createst boll weevil the State of Miussis 
sippl ever produced 


Dr. Hunter once told me that the boll 
evil had figured in a number of 
romantic tales, some of them dealing 

th the villainous introduction of the 
i nsect for the purpose of wreaking ven 
geance on a community. Of course the 
nsect figured often in the newspaper 
{ irtoons One of the best of them ap 
peared in the News of Greenville, South 
Carolina, in 1911. It showed a gigantic 


ee ale ae 


i rectly to the development of calcium arsenate 
Coad and the subsequent use of that mate 


if on such a broad sca throughout the cotton 
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Smith and 
Kilborn had the 
of the Texas fever of cattle by ticks, the 


Insect 


mosquitoes and although 


demonstrated carriage 


transmission of disease was 
brought before the people with immense 
force by Ross’s work. Malaria was prac- 
tically a world-wide malady; millions of 
people were subject to it, and it is there- 
fore no wonder that the attention of in 
drawn to 


vestigators was 


this new field and that by their work the 


evervwhere 


field was broadened out to an extraordi- 
Almost 
Ross’s results were confirmed in Italy, 
the 


begun in 


nary degree immediately 


and anti-malaria work from mos 


quito standpoint was many 
parts of the world 

In a very short time the work of Reed, 
Lazear and Agramonte demon- 
that 


fever is also mosquito-borne and is trans- 


Carroll, 


strated without a doubt yellow 


ferred only by a certain species of mos- 


quito Medical entomology became at 


once an important field of investigation. 
with 


followed another 


New schools of tropical medi 


Discoveries one 
rapidity 
cine were founded, and teaching in these 
subjects was begun in the medical col 
leges. In the thirty odd years that have 
elapsed since Ross’s discovery thousands 
of papers have been published giving the 
the 


comprehensive 


results of researeh work all over 


world, and large and 
books have been published on medical 
entomology. In fact, the world’s output 
of scientific papers relating to this kind 
of scientific work has become so great 
that their titles alone crowd the pages of 
the bibliographical journals, while at 
least one journal of this kind has been 
established solely for the review of this 
mass of special scientifie literature. 

So rapidly did discoveries mount in 
number that as early as 1921 W. D. 
Pieree, in the large book edited by him 
entitled Entomology,”’ 


twenty-seven 


**Sanitary 


pages (in 


and 
devoted 
print) to the mere listing of the mala- 


fine 


dies of man and domestic animals that 
are spread by insects, of their insect 
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transmitters and of the secondary 
of these insects where such are inv 
The four years and more of the 
war, while interrupting scientific 
tigation to a certain extent, incited ) 
on some of the problems of this nat 


and many important facts were dis 
ered and many important results 
gained 


It is perfectly true that most 


main discoveries in medical entom« 


have been made by medical men, but 


future work demands the intimat: 
operation of pathologists and enton 
ists The control of an inseet-b 
disease, whether of man or of dom: 


animals, means primarily the contr 
the earrier; and who is so competent 
investigate the possibilities in that d 
the 


entomology 


tion as man trained in econo 
Down to the present 

perhaps the entomologists have real 
this the 


It has happened too often that med 


more than medical men | 


investigators have underestimated 


of colleagues trained in ento 
They 
difficulties of 


What has appeared simple to them 


need 


ogy. have underestimated 


entomologiecal stu 


been shown often to be extremely 
But the old 
away, and the vital need of cooperat 


plex. ideas are 


pass 


in this as in so many other directions 
apparent. 


The great French  parasitologis 
Raphaél Blanchard, once said (tra: 
lated 

The rapid movement which leads m« 
into the current of parasitology can not 
stopped. In reality these two branches of g 


eral biology seem more or less distinct, but, 
two rivers whose waters meet and flow sid 
a certain distance soon come toget 
the ent 


side for 


so parasitology may include almost 


domain of medicine. 


This may be the extreme view of 
overenthusiastic but 
ean not fail to emphasize the importan: 
of the study of the insect carriers « 


parasitologist, 


parasitic diseases. 
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SOME ASPECTS OF OCEANOGRAPHY 


By Dr. HARALD U. SVERDRUI 


ASSOCIA , Ce 0 or \ 
the student the ocean waters rep of the water but of the er 
t a wide field of research ranging tar to the org SILLS 
an investigation of the physical example, the nitrates shhosphates 
perties of the water to an examina silicates In the sea These subs . 
of the unlimited number of organ indispensable to ft fe of o}1 nisl 
sms living in the sea and the conditions and especi trates Os 
their growth and development phates have been « ect the 
Many branches ot oceanography ean be the sea These substances oc S 
ted independently Thus it 1s pos ready menti , ery sn 
sible to study the currents and their re ties. In the Pi O00 
on to the winds or the distribution meters the total weight of s 
the density without regard to the kilogram « ater is equal to 34 
emiecal composition ol the water or to according to the determinations 
examine the different forms of orga vere made on board the ¢ 
sms without considering the character the total weight phosphor 
their environment. However, in many s only about 0.2) milligran 
ases a combination of the knowledge corresponding figures for the sm 
vhich has been derived from the various waters are 50 grams and aré 0.0] 
solated investigations is indispensable, milligram 
r example, when dealing with the con Chemists have only recently succee li 
ditions for the development of organ in determining these in percept ble qual 
sms In this survey the treatment ol tities accurately, and our Knowledge ol 
the subject will not be general but will the distribution of the fertilizers of thi 
be confined to one factor which is of im sea is therefore still scanty Howeve 
portance, namely, the transfer from on the observations from the coast vaters 
water layer to another of substances ol Europe, the South Atlantic 
which are essential to the development 0 cently the observations from ft! , 
organisms. which were made by the Carnegie | 
Numerous investigations of the compo already shown that the eontent of pho 


sition of the sea water have shown that phates and nitrates varies much fro 


the composition is constant as far as the one place to another and that tl 

major constituents are concerned. The tion with depth is extremely large, t! 
salts which occur in considerable quanti- content being small in the surface layers 
ties are always present in the same but great in the deep water . us 


ratios, although the total content of salt trated by the figures from the Pacific 


ts aarti? 


varies from one regvion to another. Be- which | mentions ad ( onsidering these 
sides these major components, which to evreat variations it 1s evident that the 
gether determine the salinity of the transfer of these substances fron one 


water, there are always present minute water laver to another 1s of eminent in 
; quantities of other compounds, which portance An intensive -development of 
ire of no importance to the total salinity organisms takes place only in the upper 


lavers of the sea. because the presence 0 


| 


1 Based on an address delivered on April Ss 


it the Carnegie Institution of Washington light is an essential condition for the dé 
14 
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velopment of the plant life which again 


forms the basis for the animal life, and a 
sufficient amount of light does not pene 
trate to vreat depths The small 
amounts of phosphates, nitrates and sill 
cates in the upper layer must be at 
tributed to the circumstance that these 


substances are being used there for the 


building up of organisms, but since this 
building up goes on constantly it must 


assumed that a regular transfer 


of fertilizers from the deeper layers 
takes place The same substances, on the 
other hand. are brought back again to 


the deep water when the dead organisms 
The organie substances are 


the 


are sinking 
then 
dissolved in the water 


decom posed and components 


In addition to the nitrates, phosphates 


silicates, mention must be made of 


and 
the important part which is played by 
and Three 


tors tend to increase the amount of oxy 


oxygen carbonie acid fae 
gen in the sea, namely, the absorption of 
oxygen from the atmosphere, production 
of oxygen during the assimilation proe 
esses of the plant organisms and trans 
Dur- 


ing the second process carbonie acid iS 


fer of oxygen from another layer 


assimilated and transformed to, organic 
substances. The oxygen content within 
a given body of water decreases under 


the action of three factors, namely, res- 


MONTHLY 


the which 


prod 
I 


piration ol animais 


carbonie acid. the decom position ay 


] 
last stag’ 


vanic matter which in the 


increases the amount of carbonk 


and finally the transfer to other bh: 
of water. When studying the ox 
and earbonic-acid content of the 
water it is, therefore, also necessar 
consider the transfer of these diss 
gases. This means that we have to 


with the same problem as in case of 


nitrates and phosp 


distribution of 


We 


studying the 


the SHrlne problem 


encounter 
conduction ot heat 1! 


or when discussing the currents 


SCA 
the sea, especially the currents wl 

produced by wind or the currents it 
of the bottom In this last 


the 


Vicinity 


we are concerned with transfe 


kinetic energy from one layer to anot 


and this type of transfer 


resu 


with first in order to apply th 
other problems ol conduction 
ot 


The study the transfer of ki 


energy In the sea has been roing on Te 


number of vears and has brought out 


sult that the sea wate) 


surprising re 


has a VISCOSIT\ 


parently 


‘eater 


thing around 10,000 times e 
the Viscosity of water as determined 


the laboratory. 





which 1s sor 


In order to understat 
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s result it is necessary to compare the 
racter of the ordinary viscosity of the 
ter with the character of the apparent 
SCOSITY of the sea water 
The ordinary viscosity of a fiuid is as 
ribed to the irregular movements of the 
nolecules of the fluid An attempt to 
represent these irregular movements 
vraphically is made in Fig. 1, supposing 
that each water particle is moving hori 
ontally but that the horizontal velocity 
changes with depth as indicated by the 


ength of the arrows. Furthermore. th: 
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Fie. 5. THE MAUD 
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SOME ASPECTS OF 


as long as we are dealing with 
| velocities within a very small body 
vater. As soon as we have a large 
y of water the character of the mo 
changes entirely. The average ve 
ty within a layer may still be hori- 
tal, but every single little mass of 
ter now moves irregularly and the 

tion is characterized by a number of 

egular eddies as indicated in Fig. 2 

the former case molecules were ex 
anged between the neighboring layer ; 
yw small water masses are exchanged. 
This naturally leads to a much more 
rapid smoothing of existing differences 
in the average horizontal velocities be- 
cause a small body of water transfers 
much more energy from one layer to 
another than a molecule. As a conse- 
quence the fluid apparently has a very 
ereat viscosity, which, using the same 
nits as above, can be expressed by a 
number which on the average is about 
200. This viscosity which actually has to 
be taken into account when dealing with 
the currents in the sea has been ealled 
the eddy Viscosity in contrast to the 
ordinary molecular viscosity. It is evi- 
dent that the eddy motion is of impor- 
tance not only to the transfer of kinetic 
energy but also to the transfer of heat 
and dissolved substances because the 
water particles which are exchanged be 
tween different layers carry their char- 
acteristic with them. We 
therefore talk not only about eddy Vis- 
cosity but also about eddy conductivity 
and eddy diffusion 
thousands times greater than the corre- 
diffusion in 


properties 


which are many 
sponding conductivity or 
the absence of eddies. 

The coefficient 
transfer is not constant, because it de- 


which expresses the 
pends entirely upon the development of 
the irregular eddies. The development 
of the eddies depends again upon sev- 
eral factors of which should be men- 
tioned especially the stratification of the 


OCEANOGRAPHY 


water Let us si 


lay er ofl 


heavy water and 


are separated fro 


laver of 
upwards 


comes 


water and drops back again 


transit 


‘ 


irom tT 


from which it ¢: 


action <¢ 


if 


vravit 


i 
t 


surrounded | 


ime ¢ 


\ 


] ppose Tha 


T 


above 


ThHeNe 


; 


‘nh other 


\ 


ma 


ro 


A particl 


moves downwards from the 


is, on the other hand, driven back 


sik 


r} ‘ 


to that layer as illustrated in Fig 


a consequence 
develop at 
fluids, and the 
or dissolved 


to another 


the eddy 
duetivity 


Tace. 


the 


Is Sn 


VISCOsS!] 


ire sii 


We can t] LS easly 


tive conclusions regarding the 


ot the eddy VIs¢ 
to obtain 


eXamination of 


the sea, because 


to be 


whieh ean 


anchored .vessel or under except 


conditions, 


observations 


based Ol 


only very small eddies 
boundary of the tw 
transter of Kinet hnerg 
substances from on 
iall, which means 1 
ty and the eddy co 
ill at a boundary Ss 
arrive it gui 1 
Variat is 
osity, but it is difficu 
which allow ! 
the actual condit ns ll 
such an examination has 
1 current observations 
be obtained only Irom an 
ha 


for example 


I 


the 


from a vessel which Is enclosed 


The Maud dritted with the 1 


the Siberian coast 


for two ve 


had then a unique opportunity 


ing the currents and the general oc: 


graphie conditions of 


studies have led 


¢ 


TO several 


the 


resu 


waters 


1 


orth ot 


‘ars a 


aho 


These 


its re 


garding the eddy viscosity and the con 


duction « 


enter more fully upon some of 


vations 


yf 


heat, 


and we shall 


tTheretore 


7 


t! 


ie obser 


The major part of the oceanographic 


work of the 


ing the years 1922-24 when the 
the 


was drifting wit 
Siberian Shelf 


stations 


IS 


seen 


h the 


ice 


mn 


Vaud was earried out dur 


’ 
vesse| 


Nort! 


The distribution of our 


from 


lig 


t, 


a} 


whic! 
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1G. 6 SOUNDING HOLE IN THE IC] 


irves of eq ial depth are entered miles from the coast The dift 
These curves are drawn for intervals topography of the bottom in 
depth of twenty meters, or about ten areas is undoubtedly to a grea 
fathoms, and they show the shallowness responsible for the difference 
of the coastal waters north of Siberia general hydrographic features 


extending a great distance from the the different character of the cum 
coast. The one hundred meter or fifty However, we shall not deal wit! 
fathom curve can be followed at a dis differences, but shall discuss o1 


from the coast of approximately conditions in the East Siberiat : 


Tance rom 
four hundred nautical miles on the These are, on account of the remarkal 
whole stretch from Alaska to the region smoothness of the bottom, ve r\ 


north of the New Siberian Islands. standing and very well suited for st 


However, if we examine the details we ing the character of the eddy viscosit 


f the water under different condit 


find a marked difference in the char- < 


acter of the bottom within the different Before discussing details it is des 
regions of the shelf able to form an idea of the condit 
To the east of Wrangell Island, the under which the oceanographic obs 
depth varies rather irregularly between vations were taken. The vessel, 1 
sixty and less than twenty meters, but Vaud, as already mentioned, was 
to the west of Wrangell Island the closed by the ice and drifted wit! 
ice approximately along the route w! 


depth increases with remarkable regu- 
larity, the forty-meter or twenty-fathom is indicated on the map by the dist! 


bution of the stations The 1 


le ~ 


curve being about two hundred nautical 

















: 


SOA E 


remained unbroken 


had, 


a hole open In order to 


vessel 


the 


and we 


ding 
months 


earryv out 


dings and take water samples. The 


which froze during The night 


~ hole had To be removed every morn 
and was thrown aside at the hol 
ich at the end of the winter had take) 


a crater 


appearance 0 


Through this hole we took our sound 


es and lowered our’ water-bottles. 
hich were provided witl reversing 
rmometers for determining the tem 


The 
ii to be brought into the laboratory “as 
after had 


auled up in order to prevent freezing 


erature of the water water-bottles 


s00n Aas possible the hes 1} 


f the contents In the laboratory t] e\ 

ere emptied and the thermometers were 
read We usually took samples to deter 
mine the chlorine content, the density 
the oxygen content and the hvdrogen ion 
concentration. The methods of deter 
mining nitrates, phosphates and silicates 


had not been developed when the Maud 


eft civilization in 1922. and the investi 
vation of these important factors was, 
therefore, not on our program. All de 
terminations were carried out In. the 
small laboratory It is to be noted that 


the content of salt of the water. the salin 


itv, can be found both from the chlorine 
content and the specific gravity, suppos 
ing the com position of the water to be 
Atlantic 


the European waters. Th 


the same as in the Ocean and 


water off the 
Siberian coast has a lower salinity thar 


the Atlantic water on account ot admix 


ure of fresh water from the great Si 


berian rivers, and the composition might 


be different because of this admixture 
However, we found only a verv small 
discrepancy between the values whiel 


were derived from the two independent 
determinations, for which reason we con 
clude that the composition of the water 
off the Siberian coast is very nearly like 
the composition of the Atlantic water 
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therefore. to 


over 


OCHKANOGRAPILY 2D 


I] dat ( ( 
tI san S ‘ S 
+ + > 
Ihe \ S ¢ | “ 
+) thy 
Ors | Is SS ( 
Thre o?) OS ~ 
' ‘ 
Thre Sidie | 
ception ~ ~ 
ovraphers. bd 
. ; 
Crt ase rif ~ 


is « rot 
I} STLDS | ~ 

Termimned o1 iM V 

of thermometers 

fo one tenth -« vr} , 

one nwundredtl ot devres () 

think that it Is possible te 

the Tenmperat ODS 

Vit! * ! ‘ } 

oO ol dev! t) t 7? ~ ~ ~s 
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0 one dev! 
The differ at . 
vhicl Vel See ! ) . ‘ 
( ne ! . tte ( 
terval nal rences } 
or three one-hundredths ar 
quent The thermometers of the ¢ 
hecdie were oxt tor vl | 
hee? LP POSS hb TO reexnal } 
the iv” its rial T ‘ nt acco) 
chanves ! Tie eorreeTions 
taken place. Und S Ss ‘ 
if is rev ! cable TI - oe } ? ? 
agree si ( nd the resu ‘ 
thre Work! rN! mn ¢ tT} } 
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14. 7. LABORATORY ON 


struments and the constientiousness of 


the observers on board the Carnegie. 


Even though one may admit that so 


degree ot can be ob- 


high a 
tained one may feel that it is quite un- 


accuracy 


necessary to attempt to reach this ae- 


curacy in the temperature determina 


tions, assuming that no conclusions can 


be drawn from differences in tempera- 


only a few hun- 


However. our hopes 


ture amounting to 
dredths of a degree 
that such use can be made and our ef- 
forts to increase the accuracy of the tem- 
perature observations are justified 

A knowledge of the subsurface cur- 
rents in the sea is as a rule obtained on 
the basis of the observed temperatures 
and salinities. When computing the eur- 


rents, it must, however, be assumed that 








VAUD 


THE 


the time interval between the ocea 


graphic stations is so short that the ol 
servations at the different stations 
be regarded as simultaneous or that c« 


Neither of th 


our 


ditions are stationary. 
assumptions is valid in case. | 
order to get information about the « 
rent we had, therefore, to carry out 
We could determi 
the drift by means of astronomical 


addition we 


rect measurements 


servations, and in cou 
measure the movement of the water r« 
tive to the movement of the ice by mea 


We availed ourselv: 


in the beginning of the Ekman current 


of current-meters. 


meter which is used extensively in tel 
perate climates, but soon found that tl 


‘ 


instrument was not suited very well for 
the Aretic. As 


use 1n soon as it Wa 




















SOALE 


from the water and came in ¢o) 


with the cold air it 


ice, Which choked all movable parts, 


he came coated 


To hye madoors and 


taken 
} 


cleaned = be 


We evidently needed an in 


it had 
ted and 


fore it could be 


| again 
strument which could be left in any «dé 


sired depth and which recorded the cur 


nts by means of some electrical device 


Dahl 


nstructing an 


and the writer succeeded in 


Instrument of this type 
during 


us much val 


which functioned satisfactorily 


} 


ad gave 
ut 


} 
I 


fourteen months ; 
uable 


der the ice. 


information ab the currents un 


the results 
will deal only with the conditions of the 
East Siberian Sea 
features were On the north 
ern part of the the Maud 
drifted, the water was typically strati 
fied. Near the surface 
with a temperature 


The present discussion of 


where outstanding 


met with 


shelf, 


where 


we found a layer 


constant and con 


stant salinity extending down to a dept! 
of about forty meters Under this homo 
geneous layer we found a thin layer of 


heavy bottom-water. characterized by 


high salinity, as illustrated by an ex 


ample in Fig. 8 
The two layers are separated by a very 
Qn April 3, 
1923, the salinity increased for instance 
at 


meters to $52.02 parts per thousand at 40 


] 


thin layer of transition. 


from 29.78 parts per thousand 37.9 


meters. A laver of transition which is 
SO sharply developed acts aS a surtace of 
discontinuity, and the two lavers, the 
light surface layer and the heavy bottom 


layer, move and behave as if they were 


separated by a solid wall No energy 
and no heat or any ot the substances 
which are dissolved in the water are ex 


Let us 
made ex 


changed between the two layers 
We 


tensive observations of the tidal currents 


first consider the currents 


and their variations with depth, and the 


results from station at the end of 


April, 1923, 


showing the tidal currents in a vertical 


one 


are represented in Fig. 9, 


ASPECTS OF 


OCEANOGRAPHY 


cetior A cu shi Y 

adenstl | i ~ ~~ 

ed i s fig 

re 2 

refor presents 

nts ‘ T ! } 

ine whiel s bee S 

eatest ‘ ~T ~ ? li 
through the cer ( 
curves represel t } Xl ! 
rent in the rent s At 
ime of the \ ! ‘ ton 
he tidal motion because S sf 
packed That 1f could not be Cal 
and forth by the tidal currents 
tidal currents, therefore, run b 
Two solid suriaces, the Tt and 
om, and wert ro the botto 
rectly under the e ro 
wards from the bottom the tid 
Increase with the distance Ire | 
tom and reach a maximum at 
part of the bottom-water, decreas 
In perce pt ble iues within 1 
transition and remaining insignifi 
the upper lave! The boundar 
could he ré ») ec by soll ~ 
without altering tl character I 
served currents materially, 
that practically no kinetic e1 
transferred through the boundary 
eparating the upper layer Trom tl 
tom-water The variations of thi 
currents with dé pth allow a roug! 
putation of the eddy viscosity 
an expression for the transfe. 
netic energy. In centimeter-gram-s 
units the eddy viscosity has a ) 
about 1,000 in the upper lave 
ing that a thorough mixing of thi 
roes on Wit in Thre ayvel ot tral 
the value is too small to be detern 
but in the bottom laver it avall ne 
to about 40 

From the character of ft ODS 
tidal currents we conelude that ne 
ceptible transfer of heat, dissol 
stances or Gases takes place throug 
boundary iver This cone] S1O! 
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the vertieal 


content 


firmed by an Inspection of 
distribution of the and 


the The 


content of oxygen is constant within the 


oxVveen 
hvdrogen-ion concentration 
upper layer but decreases suddenly at 


the boundary layer. The bottom-water 


contains very small quantities of oxygen, 
and this applies especially to the water 
of salinity 32 to 33 


pro mille or 


per thousand which forms the character- 


parts 


istic bottom-water on the greater part of 
the shelf. 
resenting the distribution of the hydro 


The eourse of the curves rep 


gen-ion concentration is very similar to 
A close 


relation exists between the hydrogen-ion 


the course of the oxygen curves 


concentration and 


the content of car 
bonie acid, and our observations show 
that the bottom-water contains a creat 


amount of carbonic acid. The small eon- 
tent of oxygen and the large content of 
carbonic acid in the bottom-water must 
result from the respiration of organisms 
living at the bottom or from the decom- 
position of organic substances falling to 
the bottom. Both de- 
crease the amount of and in- 


crease the amount of carbonic acid. 


these processes 


oxygen 
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The conditions ror developn ent 
ganisms in this bottom-water 


evood be cCatlse t} 


supply ol OX) 


above IS x} ut ott by thre hou ah: 


which is found at a distance of « 
to ten meters from the _ botton 
boundary laver isolates the bott 
so well that within the botton 


rise of te mperature seems to lhe 


which must be due to the er’ . 
amount of heat which Is co 
through the bottom from the t 
the earth. Such a rise would not b 


ceptible in absence ot the boundary 
the heat 


through the bottom would then be 


because which is transp 
ligvible 
heat 
bottom-water from abov: 


quantity as compared wit 


which would be transported 


eentr: 


The bottom-water on the 
of the shelf has a salinity of 32 to 3 
mille or parts per thousand 
the 


water by means of continuous revist 


studied movement of this boftt 


tions of the currents Qur obser. 


seem to indicate that the botton 
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4 tes back and forth, leaving the 
‘ n the summer and returning In the 
It Is possible That This variation 1S 
nnected with tl outpour ol vreat 
asses of fresh water trom the large 
vers, but our observations from this re 
gion are extended over one year only 
(| we, t} erefore. do not know whetl el 


the same changes are repeated vear after 

ar. However, it that 
the shelt 
very great period, but it flows 
the 
the deeper part of the 


SeCeCTOS clear the 


pottom-water does not stay 


on 
or any 
and entering 


weasionally to north 


sea it becomes 
mixed with water from other regions and 
the physical and chemical properties are 
ltered. 

Our observations of the oxygen con 
ent indicate as alre ady emphasized that 
he original amount of oxygen is con 
sumed in the periods while the water 1s 
on the shelf Our temperature observa 
tions show that the temperature of the 
vater rises simultaneously. The simul 


taneous observations ot oxvgen eontent 


nd temperature have been 


Kie, 10. 


plotted in 
that a 
igh temperature always is associated 
th a 


from which it is evident 


low oxygen content, and vice 
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ter, and these quantities would raise the 
temperature of the bottom-water, which 
has a thickness of only five meters, by one 
to two tenths of a degree in one year. A 
rise of this magnitude seems actually to 
therefore 
conditions 


take place, and it is indeed 
probable that the 
are to be explained on this basis. 

The effeet 


on the temperature of the bottom-water 


observed 
of the heating from below 
has been discussed by several oceanog- 


but at 
ample is known which clearly demon- 


raphers, present only one ex- 


strates such an effect. This example is 
based upon observations from the Phil- 
ippine Deep, which is isolated from the 
neighboring seas by submarine ridges. 
Only the upper layers of the water in 
this basin are in communication with 
the adjacent sea, while the deep water 
5,300 meters to the bottom is stag- 
Within the 


temperature rises towards the bottom at 


from 
nating. this deep water 
a greater rate than should be expected 
from the effect of the adiabatic heating, 
to the 
In the open oceans, 


and this rise has been aseribed 
heating from below. 
where even the deepest waters take part 
in a slow circulation, no such effect can 


be detected because the temperature 


changes which are brought about in con- 
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nection with the circulation a 

greater than those which are due t 
heating from below. The conditi 

the North Siberian Shelf are outst 
ing because of the pronounced strat 
tion of the water. However, we « 
not have discussed the problem hac 


temperature observations not bee) 


curate within a few one-hundredths 
degree 


The 


been 


heating of the bottom wate! 
treated at 


to demonstrate the 


some length in 
Importance ol 
boundary layers and to show that t 
effectively cut off any transfer fron 
neighboring layers. It is not difficu 
find other examples which illustrat: 
effect of the boundary layers 

In the oyster basins of western N 
way we find very outstanding conditi 
These 


the sea 


oyster basins communicate 
through and 
The depths of the ba 


may vary from ten to twenty meters, 


harrow very Ss 


low inlets. 
the inlets are so shallow that the thr 
tide. The 
water in a basin has a low salinity 


low sul 


olds lie dry at 


account of admixture of fresh w 


from brooks, but the water below a di 
of about two meters has the same sali) 
as the coastal waters outside of the in 
because this water occasionally overt 
the threshold and the inner 
We thus find a typically stratified 
the 
ary surface lying only two meters bel 


bas 


fills 


ter in basins and a critical bow 
the surface, as represented schematica 


in Fig. 11] 


develop in summer on account of t! 


Remarkable econditio 


stratification. The upper layer of lig 
the 
mean 


water is heated by radiation fro 
the but the 


this layer can never rise above the te! 


sun, temperature 


perature of the air, because this lay 
is in contact with the air and gives « 
heat to the air as soon as it gets warme! 
the radiation 


considerable depths before being co 


However, penetrates 


pletely absorbed. The heavy water | 
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mains always mu heavier 


irface water on accoul T the great 
nee ih salinity, and the boundary 


l 


remains very sharp, for whiel 
no heat is given of 


As a consequence con 


ous heating in summer the tempera 


of the heavy water rises much above 
air temperature. In July and in the 
nning of August, before the 


loss ol 
by nocturnal radiation has begun, 
mperatures as high as 25° to 30 


have 
en observed in these basins. At tl 


hiese 


peratures the conditions for the de 


opment of organisms very favor 


and we find a rich life in the upper 
of the heavy water 


Fig. 12 the vertieal distribution of 


meters & 
°o 


e 
°o 
o 
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NOTH 


N PACcIF OCEA 
in great quantities. However, it is of 
interest to mention, according to recent 
that the 
the essential 


phosphates and 


investigation, water Is prac- 


tically free of substances, 
silicates, be- 


the 


nitrates, 
cause these have been used by mi- 
nute organisms as soon as they have been 
The lack of these 


substances apparently handicaps the de- 


supplied to the water. 


velopment of the oyster-spats, and prom- 
ising experiments pertaining to supply 
ing the water with these fertilizing sub 
stances during the period of spawning 
have recently been carried out. 

One might believe that such remark- 
able discontinuities as those demonstrat- 
ed in these two examples are found only 
in coastal waters where great contrasts 


may be expected to oceur. However, 
similar discontinuities are met with also 


in the open ocean, and the condition for 


development of organisms must, there- 
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METER-W L, FOR As 
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fore, be widely different in differs 


g1ons Observations from the ce 
part of the Pacifie Ocean whicl 

obtained on board the Carnegie ar 
tremely well suited for illustrating 


assertion. The vertical distributioi 
the surface to 1,000 meters of tem) 
ture, density, oxygen, phosphates 
silicates at two stations is 
in Fig. 13. The station to the left 
latitude 10°54’ 
longitude 161°27’ the 
the right in latitude 10°05’ nort! 
longitude 139°44’ west. The vertica 
tribution at the left-hand 
160, can be regarded as representing 1 


represent 
located in south 


west: Statiol 


station, 


; 


normal conditions of tropical wa 
The temperature of the water is | 
above 28° C. down to a depth of ab 
150 meters, and the density is practl 
constant down to this depth Asa 


sequence the eddy conductivity wit 














is layer must be great, and this con- 
sion is confirmed by the fact that 

e oxygen content remains great to the 
depth of 150 meters. The conditions for 
the development of organisms must be 
favorable down to this depth, and we 
actually find very small amounts of phos- 
phates and silicates because these sub- 
stances have been used for building up 
organisms. Regarding the variation of 
the content of oxygen, phosphates and 
silicates below 150 meters, it may be re- 
marked that this depends upon at least 
three factors, namely, the presence of 
living organisms, the decomposition of 
organic substances and the transfer from 
neighboring layers on account of eddy 
conductivity. 

At the other station which has been 
selected for illustration, Station 152, the 
conditions are entirely different. The 
surface layer with high temperature and 
low density has here a vertical extension 
of less than twenty-five meters, and even 
at a depth of fifty meters the conditions 
for the development of organisms must 
be very unfavorable because the water 
n this depth is shut off from any supply 
of oxygen on account of the rapid in- 
crease in density which reduces the eddy 
conductivity toa minimum. The oxygen 
content actually decreases to practically 
nothing at seventy-five meters, and the 
relatively high content of phosphates and 
silicates in this depth indicates that only 
a small amount of the available quanti- 
ties has been utilized for building up 
organisms. There is thus a striking dif- 
ference between the conditions at these 
two stations. The very pronounced 
stratification at Station 152, which is of 
dominating importance to the possibil- 
ity for the development of organisms, is 
probably due to an upwelling movement 
of the deep water. Such upwelling 
movement is well known off the coasts 
of California, Peru and Chile, but I am 
not aware of corresponding examples 
from the open ocean. 


} 
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It is evident that remarkable horizon- 
zontal currents must be present when 
the vertical distribution of density 
changes so much in a short distance as 
illustrated by the diagrams. On October 


‘ 


i 
5, the Carnegue lost 4.100 meters of 


wire, nine water-bottles and eighteen 
thermometers, because the wires became 
entangled and broke. Referring to this 
misfortune Captain Ault says in a radio 
message dated November 1, ‘‘ From dy 


namie computations the counter-equa 


torial current is a mighty river in tl 
Pacific Ocean, flowing eastward th 
miles per day on the surface near its 
northern boundary, 8° north, with no 
velocity at 200 meters. No wonder our 
fishing lines became entangled in such a 
river.”’ 

The preceding discussion of the im 
portance of the eddy conductivity has 
been confined to qualitative considera- 
tions of the effect of boundary surfaces 
upon the transfer which is due to the 
eddy conductivity. However, in order 
to arrive at more definite conclusions a 
quantitative knowledge of the eddy con 
ductivity is desirable. Such knowledge 
can be obtained by means of theoretical 
investigations, supposing that the avail- 
able observations allow a comparison be 
tween the theoretical results and the 
actual conditions. The writer was able 
to show that the current measurements 
on the North Siberian Shelf had per- 
mitted the calculation of some numerical 
values of the eddy viscosity, and other 
values have been derived from other 
observations, although under less pro- 
nounced conditions. The thermal con- 
ductivity, which was disregarded in 
order to avoid making a complicated 
subject more complicated, has been com 
puted independently by three different 
investigators, namely, McEwen, of the 
Seripps Institution in California; Ja 
ecobsen, in Copenhagen, and F jeldstad, 
in Bergen, and these three have arrived 
at very nearly the same numerical val- 












ues, ranging from 1 to 20 in centimeter- 
gram-second units. These numbers rep- 
resent the coefficient of thermal conduc- 
tivity in sea-water if no very marked 
boundary surface occurs and are from 
1,000 to 10,000 times greater than the 
thermal conductivity under laboratory 
conditions. Our knowledge of the con- 
ductivity of sea-water has been much 
advanced by the contributions of these 
and their works open 
promising prospects for the future. 
Concluding, it is to be emphasized that 
only one side has been treated of the 
problem which deals with the conditions 
for development of organisms in the sea, 
namely, the vertical transfer of essen- 
tial substances from one water layer to 
another on account of eddy conductivity. 
In case of a comprehensive discussion 


investigators, 
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one would also have to consider a 

ber of other factors which are st 

by the physical oceanographers, 

ample, the seasonal variations 

stratification of the water, the variat 

in temperature, the horizontal and 

tical transport of water by means of . r 
rents and the penetration of light 

the sea. This enumeration may gi, 

idea of the intimate contact among 

various fields of research within o 

ography and the importance of corr 

ing the results of widely different 

tigations in order to gain a knowled S 
of the sea which may satisfy our d 

for information and form a sound | 

for application to the numerous p: I 
lems dealing with the utilization of 1 Si 
quantities of food which are avai 

in the sea. 











WHEN we compare the mathematical 
genius of an Einstein or the scientific 
intuition of a Pasteur or the poetie gifts 

a Shakespeare with the correlative 
abilities of the average man, let alone 
those of the moron or idiot, the range of 
human capacities appears’ well-nigh 
limitless. Flattering, however, as these 
summits of human achievement may ap- 
pear to our vanity, they nevertheless 
represent only isolated peaks; actual 
measurements of the distances which 
separate the masses of mankind from one 
another, along any capacity we might 
choose to compare them, are extremely 
small. Indeed, not only are the differ- 
ences relatively small, but what is more 
striking, the ratio between the extreme 
limits of the capacities maintains a con- 
stanecy which, as I shall presently show, 
is nothing short of remarkable. 

My interest in the problem of the 
range of human capacities was inspired 
by the early observations of Professor 
Cattell, who remarked that the range of 
a number of mental abilities, as mea- 
sured by various psychological tests, ap- 
proached roughly the ratio of 1:2. I 
was so struck by the possible importance 
of this observation that I decided to in- 
vestigate its validity, and to see whether 
it held for only a few isolated psycholog- 
ical abilities, or whether it applied to the 
entire range of human capacities. The 
evidence which I present in this paper 
is the result of several years’ intermit- 
tent analysis of available data. 

The investigation of the problem pre- 
sents several difficulties. The first and 
most important one is the paucity of re- 
liable data. This is particularly true in 
the case of mental measurements, the 
plethora of psychological testing since 
the introduction of the Binet intelligence 
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It might sur- 


tests, notwithstanding. 
prise you to learn that until very re 


cently there was no single study giving 
complete reaction-time measurements on 
as many as one hundred unselected indi- 
viduals, although the reaction-time ex 
periment was one of the first to be per- 
fected in Wundt’s laboratory. There 
have been published scores, one might 
say hundreds, of investigations, but in 
nearly every case the experiments were 
performed on half a dozen or a dozen 
subjects, usually university students, 
each with a distinct technique and not 
otherwise lending themselves to com- 
parison. 

In addition to the problem of the in- 
sufficiency of the number of cases and of 
the selected character of the population 
studied, one further encounters the diffi- 
eulty of having summarized rather than 
fully presented data. What is needed 
for an analysis of the range of variability 
is a complete presentation of the original 
measures, that is, the total distribution 
of data selected. Until recently, how- 
ever, most authors were content to pub- 
lish merely 
dency, whether average or median, only 
rarely including measures of dispersion 
and, indeed, often omitting to state un- 
equivocally the total number of cases 
studied. Finally, in mental measure- 
ment we are confronted with the prob- 
lem of the comparability of our units of 
measurement and of the location of the 
true zero point. If one is comparing, 
for instance, body weight, one can say 
that the man of two hundred pounds 
weighs twice as much as the one of one 
hundred pounds, but it is quite a differ- 
ent thing to assert that the child who 
solves four problems correctly has twice 
the mathematical ability of the one who 


measures of central ten- 
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solves only two, or even to say that the 
first child can work twice as fast, unless 
we can be sure that the problems pre- 
sented are of equal difficulty. The dif- 
ference implied in the two illustrations 
is one which might be summarized by 
saying that in the first case we are deal- 
ing with natural, or at least equivalent, 
units, and in the other with arbitrary, 
or units of uncertain equivalence. The 
latter must first be equated before quan- 
titative comparisons can be made, and as 
this has seldom been done in psycholog- 
ical measurements, particularly those 
which purport to measure various kinds 
of achievement, much if not most of the 


data otherwise usable does not lend it- 


self to the comparison of the kind we 
have proposed for our present investi- 
gation. 

In spite of the difficulties just enumer- 
ated, however, which make so much of 
the published anthropometric and psy- 
chological measurements unusable, I! 
was able to find a goodly amount which 
ean be trusted, and I shall, without much 
further ado, present the results which 
these data reveal as regards the method 
of measuring this range. The aim is to 
see how the highest or best individual 
compares with the lowest or poorest in- 
dividual in any given ability. We shall 
thus have to compare the performances 
or measurements of the very extreme 
eases actually recorded. Now, aside 
from the fact that these extreme mea- 
sures are generally not available because 
eomplete distribution of the measures 
is seldom given, the actual recorded ex- 
tremes are generally not the most re- 
liable cases to take. For if we did, we 
might thus, in the case of measuring 
cranial capacity, for example, have to in- 
elude instances of hydrocephaly; or 
again, in studying visual acuity, indi- 
viduals who are on the way to becoming 
blind, and so on. A priori, one would 
say that we have no right to reject any 
ease. But it must be obvious that we are 


merely doing violence to our n 
variability by including individuals 
are clearly pathological, or in oth 
accidental cases. 

In a like manner, when studying 
range of variation in mathematica 
ity, we ought theoretically to ine 
Gauss or a Newton on the one hand 
a vegetating idiot on the other. 
here again, I am inclined to look on |} 
these extremes as sports, the latte: 
fortunately more frequent than the 
mer, but still relatively sporadic 
rences. At any rate, I shall claim 
the statistics that I am about to 
that they apply only to the mass of 
kind, that is, if you will, to 998 « 
every 1,000 individuals. Our task 
ought to consist of comparing th: 
with the 999th individual in every 1 

Many of the data from which [| | 
drawn my conclusions do not inclu 
many as 1,000 cases, but we can r 
calculate by proper statistical met 
what the value of the 2nd and 999th 
would be from our obtained measu 
and often with greater reliabilits 
if we had the actual figures. For, 
know the mean and standard devi 
of our measured distribution, w 
readily obtain the theoretical valu 
the 2nd and 999th ease by first subtr: 
ing and then adding three times 
standard deviation to the mean, sine 
times the standard deviation inc 


approximately 99.7 per cent. of the cases 


It is this method which I have gener: 
used in obtaining my extreme measu! 
The assumption which has to be mad: 
that the distribution of the measures 
the trait in question is normal 

sumption which we know holds for m 
biological traits and which I have v: 


fied wherever possible in these trait 


which I have included in my study. 
any case, the errors which might be 
troduced if the assumption we 

made does not hold would all tend 
vitiate rather than to confirm the 


y 
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stancy of the ratio revealed There is. actual 
tle doubt that the range of capacities author are g 
calculated from more complete data of the values 
uld reveal an even greater constancy been calculated from 
in my present figures show. The table h 
Let us now examine the figures th exhaustive, ¢ 


ves. I have, for convenience, classi- 
the available data under four 
ups: measures of physical, of physio- ighly desirabl 


gical, of psychomotor and perceptual land; this 
and, finally, of mental capacities. These calls attention 

given in Table I arranged in the systematic 

ler just enumerated. The firstcolumn mental capacit 

‘s the source or compiler of the fig- hoped that 
ures, together with the number of casesin’ tions that are 
which the measurements were made; the of human relations 
third column, the mean; the fourth the vestigation possible 
standard deviation; the fifththe rangeas The data, however, 
M+(3xS8.D. nevertheless do permit uss 


; the 
M 3x S.D. izations which, I believe, a 


sixth the numerical value of this ratio. improved data will only 


ulated, namely, 


In some instances the mean and standard reaffirm in more precis¢ 
leviation were not available and here The first and fundam«: 


TABLE I 


Source and no. 


of cases 


(4,098 ) 

us (416 
reenwood (302 
donell (80) 


(4,098 ) 


lvarez (1.066) 
ring (500) 
. 


talton (4,098) 


il 


- , oro 
TOSY (200) 


Lemon (113) 
Galton (4,098) 


Woodworth (10( 


Terman (905) 
Burt (200) 


Gates (197) 


Mean 
Median 


* Adult male, unless otherwise indicated. 





90 
v5 


is that the range of human capacities, at 
least as they pertain to the mass of man- 
kind, is relatively small. Secondly, that 
the limits of most human when 
measured in comparable units and from 
true zero points, may be approximately 
expressed by the ratio of 2:1. Thirdly, 
that this ratio recurs so frequently and 
over so wide a range of traits as strongly 


traits, 


to suggest that we are here dealing with 
a natural psychobiologie constant. 

The figures upon which our generali- 
zations are drawn actually only approxi- 
It does not, 
mathe- 


mately bear out this ratio. 
to be sure, the absolute 
matical constancy of the relation of the 


have 


circle to its circumference. 
the numerous 
the 
upon which they are based are liable, 
and even more when the 
almost infinite numerical relations which 
might a priori have obtained between 
the limits of the measured ranges, I 
think it is rather remarkable that these 
limits can be expressed by such small 
numbers, and that these numbers so 
nearly approach the ratio indicated. 
My belief is that we are certainly deal- 
ing with what in the more precise sci- 
ences is defined as a natural constant. 
From the statistical point of view, the 
relations established, even if only ap- 
proximate, are extremely important, be- 
cause they help in a way to prognosticate 
the range of yet incompletely measured 
traits or of such as are yet to come under 
observation. For if our generalization 
as regards the variability of traits is 
correct, we know in advance that it is 
extremely unlikely that any individual 
will be found that will measure more 


radius of a 
But when we 
eauses of error to which 


consider 


measures 


we consider 


than twice as much as the smallest case, 
or less than half of our largest, however 
small the sample of population upon 
which our observations have been made. 
Indeed, the validity of the descriptions 
of a large part of physiological investi- 
gation, which generally involves infer- 
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enees drawn from a relatively smal! 
ber of cases, really depends upon th 
that this assumption holds. 

In concluding, it is not without 
est to call attention to some rather 
portant social implications which 
sults of this study seem to carry 
them. One of the most persistent 
ments of those who are opposed 
control, whether in 
dustry, is that such control togethe: 
the standardization of 
reward that goes with it must be ver 
fair to the individual. To take a s; 
instance, a standard union wage is 1 
decried the superior a1 
ferior 
pensation. 






polities or 


compensat 


because 
given 


worker are 
If the range of capa 


as narrow as our ratio indicates, 


equal 


justice can not be very great and 
tainly not to very many individu 
the total population. 

That the variations in individua 
ciency are not very great, when take 
the large, is revealed by a comparis 
the actual outputs of 


gaged in diverse occupations. A s S 


individual: 


of such comparisons taken from Hu 


given in Table II. The average 


in variation of capacities is here as ¢ 
fore approximately 2:1; that is, ¢ D 
most efficient individual does not a 
duce more than twice as much as the | J 
efficient. And if we remember that 
figures give the ratios of the very 

tremes and that by contrast most 
viduals are grouped about the mean, ; 


differences in efficiency which separ: 
the mass of individuals in any given 
cupation from another can not be v 
great. 

Perhaps an even more vital imp! 
tion is the one that bears on the curré 
beliefs as regards racial differen 
Seattered studies, especially in this cou 
try, have given rise to the belief in t 
existence of varying degrees of supé 
ority and inferiority among different 
tional groups. What these studies ha\ 
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TABLE II 
Ratio OF Most To Least EFFiciENtT INDIVIDUAL ENGAGED IN DIFFERENT 


Source 


y and Monroe 


Monroe 


< (Abbreviated, from Hull. 


evealed are certain measurable trait or 
capacity differences, but those who have 
iade use of them have almost altogether 

iled to appraise the significance of 
these differences. For certain purposes 
it may be useful to know that one group 
attains an average intelligence quotient 
of 87 and another of 92, but, from a 
social point of view, even more impor- 
tant is it to evaluate what such differ- 
ence means. It is important, for in- 
stance, when you are grading school 
children, but practically negligible when 
you are comparing human beings. The 
comparison that may then have to be 
made is not between John Smith, IQ 87, 
and Tom Brown, IQ 92, but between 
John Smith, Homo sapiens, and the miss- 
ing link, Pithecanthropus erectus. 

This implication has generally been 
disregarded, and the tendency in recent 
years has been rather to exaggerate 
and overemphasize human differences, 
whether in the field of psychology, gov- 
ernment or industry. Everywhere the 
search has been for experts or dictators, 


+ 


on the : 
there 

perior to t 
they alone al 
thinking 
democracy 
based on th 

and if the 

ward are at all cor 

is entirely justified, 
between men, when 
capacities is considered, 
small. I do not ther 
that these differences are i 
that, however small, tl 


extremely important for 


poses. The capacity of a man who ¢: 


jump six feet one inch exceeds by onl) 
one thirtieth that of another who ¢ 


jump five feet eleven inches, but it m: 


mean the difference between lif 


death if the leap required be across 


six-foot chasm. Still, it is well to recall 


that the distance which separates 


victor from the victim is often no grea 


than the breadth of a hair. 


y 


iV 
] 


a 


the 


+ 
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By Professor S. S. VISHER 
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rule over a 
our people, have 


ALTHOUGH very 
large percentage of 


great prestige and wield great 


mayors 


social 


power, they appear to have been sub- 


jected to no geographic statistical analy- 
sis. In the hope that some interesting 
facts might come to light, data concern- 
ing one hundred mayors of twenty-seven 
large American cities were gathered 
from ‘‘Who’s Who in America.’’ The 
mayors selected were all the recent ones 
sketched for the larger cities of the sev- 
eral chief sections of the country, North- 
east, Midwest, South and Pacific. Of 
course large having the city- 
manager form of government have no 
mayors and are not represented. The 
facts gathered from ‘‘Who’s Who’’ were 
those of birthplace, education—extent 
and where obtained—whether or not the 
more than one term, 


cities 


mayor served 
polities. 

The hundred mayors studied include 
nine from Philadelphia, eight from New 
York, seven from Boston, six each from 
Detroit and Louisville, five each from 
Pittsburgh and Milwaukee, four each 
from Baltimore, Chicago, Minneapolis, 
New Orleans, San Francisco, Seattle, St. 
Louis and St. Paul, three each from 
Buffalo, Indianapolis and Newark, two 
each from Los Angeles, Portland (Ore- 
gon), Richmond and Toledo and one 
each from Denver, Grand Rapids, Jersey 
City, Memphis and Oklahoma City. In 
every case all the more recent mayors 
sketched in ‘‘Who’s Who”’ were in- 
cluded, except one who did not give his 
birthplace. 

Among the various sections of the 
country the distribution of the mayors 
studied is as follows: Northeastern cities, 
36 mayors; Northcentral cities, 33 may- 
ors; cities west of the Mississippi River, 


26 mayors; Southern cities, 18 may 
Pacific cities, 12 mayors. 

Of the hundred mayors, 43 were R 
publicans, 39 were Democrats, 3 w 
Socialists and 16 did not specify t] 
political affiliation or were ‘‘inde; 
dents.’’ 

Of the hundred mayors, twelve, or 
eighth, were born in foreign lands, 
having been born in and 
others in the British Isles, German) 
France. Most of the eighty-eight nati 
born mayors were born either in the « 
of which they were mayor or near | 
Thirty-eight were born in the city its 
thirteen in a suburb of the city. Fort 
eight came less than 25 miles from t] 
birthplace to the city of which they w 
mayor; six came between 25 and 1 
miles; eight came 100 to 200 miles; : 
other eight came 200 to 500 miles; fi 
came 500 to 900 miles; one came fr 
New York to New Orleans, 1,170 mil 
and seven mayors of Pacific coast cit 
came from the Middle West or East, dis 
tances of 1,500 to 2,500 miles. Elever 
came from Europe, distances of 3,000 t 
5,500 miles 

Fourteen of the mayors were born 
the state of their mayorship, but at son 
distance from the city. About o1 
fourth (twenty-three) were born in a1 
other state. 

Only one of the hundred 
stated specially that he was born on 
farm. Six gave their birthplace as a 
county without mentioning a town 
Presumably most of these were born 01 
farms. Some who gave their birthplac 
as a town probably were born on 
nearby farm. But it is apparent that 
the mayors were predominantly city 
bred. When most of the mayors wer 
born, more than three fourths of the 


Canada 


mayors 
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the 
forty 
city, 
city, 


Yet of 
mayors, 


lived on farms. 
native-born 
give their birthplace as a large 
thirteen as a suburb of a large 
seven as a small city and twenty-three as 
a town or village. 

Cities of which all the 
sketched in ‘‘ Who’s Who’ 
the city of which they were afterwards 
mayor, or a suburb thereof, are: Balti- 
more 4, Buffalo 3, Louisville 6, Rich- 
nond 2, Jersey City 1 and Memphis 1. 
Cities of which none of the recent may- 
ors sketched in ‘*Who’s Who’’ were born 
in that city or a suburb thereof are: 
Angeles 2, Indianapolis 3, Minneapolis 4, 
Toledo 2 and the following 
with one mayor each, Denver, Grand 
Rapids, Oklahoma City. 

One of the surprising facts about the 
geography of the birthplaces of these 
hundred mayors of leading American 
cities is that they were, almost without 
not appreciably to the west- 
ward of the city over which the mayor 
later ruled. The advice, ‘‘Go West, 
young man,’’ seems to have been fol- 
lowed by almost all the young men with 
political ambitions who struck out to 
seek their fortunes elsewhere. Or, 
sibly, the voters have looked askance at 
the men who came out of the ‘‘less ad- 
vanced West.’’ At any rate, out of the 
hundred mayors only two came eastward 
as much as thirty miles to become mayor, 
and only one came over sixty miles. He 
eame from Ohio to Philadelphia. It is 
surprising that central and western New 


me ople 
eighty-eight 


recent mayors 
’ were born in 


Los 


Seattle 


exception, 


pos- 


York, the birthplace of five mayors for 


other more western cities, should have 
yielded none for New York City itself, 
out of the last eight. Indeed, only one 
of the eight went eastward more than 
twenty-five miles to New York; he went 
sixty miles. 

Nineteen of the twenty-one cities elect- 
ing mayors some of whom came from 
elsewhere chose men who had come from 
the East. Boston took a man born in 


AMERIC 


AN MAYORS 


Chicage 
including tl 


Maine, and one 1 Irel 
two born in ~via 

torious 
and 
born in Penns) 
rio; Minneapolis one 


and ; 


Thompson, of anti-Britis! 
one in Connecticut; Detroit 
lvania and one in Onta 


1 Wisconsin 


Louie one born 


born 
ind; St 
aul one each from In 


and one in Seotl: 
in Illinois: St. I 
diana and Germany; Ok! 
its mayor from Arkansas. 
As might bi 
mayors of Western cities were bi 
East. Se: 
Tennessee, Massac 
Portland, Ores 
York; Los Angel 5” two came 
consin and Ne braska:; Sa 
elected one from | 
from Ire 
Two Southern-born 
ors of Northern citi 


one to Seattle a 


ahoma City 


expected, most 


four came fron 


-husetts and 


ittle’s 


von vo née 


_ i 


linois 
land. 

men became 
, Tenn 

nd Ki ntucky one to Den 
Northern-born mat 
the hundred was a mayor of a Sou 
city, a native of New York 
mayor of New Orleans. But 


ver. Only one 


all three 
as we 


these men migrated westward 
north or south 

Of the twelve fo 
the one hundred, Ontario, Canada, 
yielded one to near-by Detroit, i 
one to Minneapolis, France one to New 
Orleans, le one to Toledo, England 
two (Phil: phia and Seattle Ger- 
many threa ‘New York, Philadelphia, 
St. Paul) and Ireland three (Boston, 
Indianapolis, San Francisco 

Hence of New York’s eight 


was foreign-born (Germ 


reign-born mayors of 


Scotland 


only one 


Boston’s seven, one was Irish, whil 

Philadelphia’s nine one was German and 

another English. 
Of course it 


may be accidental, but 


nevertheless it is interesting to note that 
Chicago, with 
tion 
recent 
with 32 
eign, and New 


its popula 
had no 
foreign-born Boston 
per cent. of the population for- 
York with 35 


30 per cent. of 
1920, 


mayor, and 


foreign-born in has 


per cent., 
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had only one each, while Philadelphia, 
‘*The city of friends,’’ with only 24 per 
cent. foreign-born, has had two, as well 
as being the only city which eleeted re- 
cently a man from a more western state. 
Two of the cities who have had foreign- 
born recently, Indianapolis 
and New Orleans, have only a very small 
percentage of their population foreign- 
born (5 to 7 per cent.), while the others 


governors 


have a percentage close to that of Phila- 


delphia, approximately 24 per cent. 

The yield of the eighty-eight native- 
born mayors by states yielding four or 
New York thirteen, 
Massachusetts 


more is as follows: 
Pennsylvania eleven, 
eight, Kentucky seven, Wisconsin six, 
New Jersey five, Michigan five, Mary- 
land four. In proportion to population 
at the 1860 census, the census nearest 
the average date of birth, these states 
rank, however, quite differently, to wit: 
Wisconsin, New Jersey, Michigan, Mas- 
sachusetts, Kentucky, Maryland, Penn- 
sylvania, New York. Kentucky’s high 
rank is partly explained, doubtless, by 
the fact that six mayors of Louisville, 
all born in Kentucky, are included. 
Likewise Maryland supplied mayors 
only to Baltimore. The states which 
furnished most mayors to other states, in 
proportion to population, were Wiscon- 
sin, Massachusetts, New York and Penn- 
sylvania. 

Forty-one of the one hundred mayors 
graduated from college or university, 


and six others attended without grad 
ation. It therefore is apparent that t 
mayors of the larger American cities h 
much more formal education than t) 
electorate, for less than 1 per cent. of t 
older voters of these large cities are « 
lege graduates and only a small 
centage are high-school graduates. F 
fifths of the college graduates attend 
college in the state in which they wi 
afterwards mayor. Only one eight] 
the one hundred mayors, including si 
who did not graduate, attended col] 
in another state than that in which tl] 
were mayor. Twelve of the one hund: 
mayors received advanced degrees, 
of them from institutions in other stat 
Nearly all who did not attend colleg 
mention graduating or attending hi 
school, in two thirds of the instances 
the state where they were afterwa: 
mayor. The geography of the ratio |} 
tween the number of mayors who wer 
college graduates and those who wi 
not is of interest. Six of New York 
eight mayors were college graduates a1 
another attended college. Seattle ha 
three college graduates to one not gradu 
ating; Boston 3:4; Chicago, Minneapo 
and San Francisco 2:2; Louisville 3: 
Milwaukeee and Pittsburgh 2:3; Phil: 
delphia 3:6; Indianapolis and Newark 
1:2; New Orleans, St. Louis and St 
Paul 1:3, and Detroit 1:5. 

Of the one hundred mayors, forty-tw 
have already served more than one term 





THE ULTIMATE 


INDUSTRIALISM 


By C. C. FURNAS 


U. S. 


PuaTo’s ‘‘Republic,’’ Sir Thomas 
More’s ‘‘Utopia,’’ Edward Bellamy’s 
‘Looking Backward’’ and UH. G. 
Wells’s assortment of ‘‘Men Like Gods’”’ 
and places like heaven all point the way 
to the dreamland of the socially minded, 
but none of them bother with the details 
of the means of doing the world’s work 
in a very few hours per day so that 
there may be time for the ideal society 
to function. Now that the engineers are 
steadily paring down the time that it 
takes to do everything and are giving us 
the physical equipment for the realiza- 
tion of such dreams, the crop of Utopia 
makers and optimists seems to have 
passed away. It would appear, then, as 
if it were legitimate for the private in- 
dividual to amuse himself with specula- 
tions concerning the welfare of the 
people many generations removed, re- 
garding the lack of social injustices and 
the prevalence of leisure, well-being, 
happiness and culture, basing the esti- 
mate upon a liberal extrapolation of the 
mechanistic possibilities of industrialism 
as we now know it. 

Looking ahead to the n™ century we 
may expect to see a civilization wherein 
the drudgery of the working day will 
last, on the average, but two hours. 
(The figure two may be too large; it 
makes but little difference as long as the 
amount involved is small.) The average 
job will require practically no skill or 
intelligence and will consist principally 
of actuating various forms of push but- 
tons or levers. That part of the popu- 
lation which works will be urban or, at 
the farthest, suburban. The food mak- 
ers will be the last to move in from the 
soil and do their work in vats and ket- 
tles. Whether the hog raisers, the corn 
growers or the lettuce and spinach 


DEPARTME 


NT OF COMMER( 


people will survive the 
not hazard a m 
The cities will be 


of reasonable siz 


iesS as \ 


transportation 

cities admittedly ar 
gestion is irritating 
Probably 


would show that the 


ficiency. 


trate as many people a 
place is due more 

than to 
time, to have proper standing, 3 n 
ur of New York,’’ : 


ul ado 


mice expediency. 


econ 


be ‘‘within an h 


standing is about 
Soot for the 

will 

except possibly for the f 

All the places of manu 

tive 


all Vi 
collar and cinders ior t 


eye long since have passed 

‘w caretakers a 
the gas works. 
facture will be at lk 
the average college 


even now in a very few instances. 


ast as attrac as 


campus, as they are 


The people will be fewer than at pres- 
ent. Let hazard our reputation for 
figures and say that the cut in popula- 
tion will be one half. This will leave 
enough to keep the tigers down to a 


us 


reasonable figure in Burma and fishing 
will be ever so much better. The open 
spaces will be more frequent and more 
open but still much more accessible for 
vacationists. Probably a cog road will 
run to the top of Mount Everest. 

After each person (both 
finished his education at, 


has 


say, 


sexes 


routine 


twenty-five years of age, he will stand in 
debt to the world for a given amount of 


labor. He may enter the employ of one 
of the large corporations for the purpose 
of working off the required amount of 
He 
may sign a contract to do as the com- 
pany bids for a certain number of hours, 
say ten thousand. In return the com- 


drudgery as painlessly as possible. 
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pany will agree to pay a specified sus- 
taining wage for the individual’s entire 
life. 
choice of a number of policies for deliv- 
He may: 


The employee will be given the 


ering his labor. 

(a) work two hours a day for twenty years 

(b) four hours a day for ten years 

(ec) eight hours a day for five years 

(d) four hours a day for six months of the 

year for twenty years 

(e) eight hours a day for three months of 

the year for twenty years 

(f) ete., ete. 

All this looks as if it were taken from 
an insurance actuary’s note-book. Each 
average individual will contribute to the 
world’s drudgery and will receive the 
assurance of the necessities of life in re- 
turn, and when his obligation has been 
met he may go sauntering on his way to 
waste the most time in the most enjoy- 
able manner. The policies for work will 
be ‘‘ordinary life, twenty pay life with 
or without leaving the dividends in, ten 


year endowment’’—any of the infinite 
varieties an ingenious man can think of. 

We see a faint glimmer of the wage 
assurance idea in the old age pensions 
for teachers, government employees and 


workers in many industries. In some 
instances, even now, it is not necessary 
to have arrived at the dignity of senility 
and decrepitude before receiving an 
official sustaining allowance—but it is 
only necessary to put in thirty years of 
service and then the faithful one may, 
if he wishes, retire on a portion of his 
eurrent salary. A good man is just well 
started after thirty years of service, and 
a reasonable fraction of the best part of 
his expectant life is still before him. 
The tinge of the coming dawn begins to 
trim itself with rose and gold. 

Even though it is opposed from many 
sources, the onward march of the shorter 
working day is with us. The recent 
labor rhyme 

Eight hours work 
Eight hours play 
Eight hours sleep 
Eight ‘‘bob’’ a day 


is already antiquated for propaga: 
purposes. (It is only necessary 
glance at the minimum wage stipulat 
last line to see that the jing 
came from no American mind.) ( 
tain of the railroad brotherhoods 
now campaigning for the six-hour d 
so that more people may have wor 
The shortening day continues—banki 
hours from ten to two, and prize-fighters 
thirty minutes a year. The best soc 
istic propaganda has long specified t! 
four hours a day would be sufficient 
every one worked. We may well 
askance at the figure for present pr 
tice, and we will only file it away 


in the 


look in upon it in future years. 
The average man now works from 
half to two thirds as 
laborer at the beginning of the ind 
trial era, but he produces many times 
much as in the former period—n 
shoes, more beans, more plows. W 
becomes of the greater production? W) 
automobi 


long as did 


use more things; we use 
radios, tooth-brushes, spinach, electr 
lights, soap and hot water. We trav 
more, have our hair marcelled and p 

golf, requiring twelve dozen bal 
twelve clubs and a caddy. We hav 
never completely satisfied ourselves t 

we have everything we need for our ult 
mate happiness. In our hearts we con 
mit murder more often than 
because of the regular march of sales 
people ‘‘introducing’’ new oil burners 
dish-washers, clothes cleaners, hair dye: 
guaranteed contraceptives, insuran 

doorknobs and water heaters, but sti 
we keep buying. The end of the new 

not yet in sight, but it may confident 

be expected that before long business 
will begin to slacken if it has not dor 

so already. There are entirely too man) 
unemployed now, and unless some on: 
shortens the working day or is able t: 
make televisions and aeroplanes int 
household articles by next week condi 
tions will grow steadily worse, and Mr 
Hoover’s manipulation of public works 


adulte 
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ean afford but temporary relief. Ulti- 
mately we shall lose the recourse of 
added products to offset the improve- 
ment of methods which is certain to con- 
tinue. 

Either, then, the working day must 
be shortened and the wages correspond- 
ingly increased, so that every one may 
be employed, or a goodly portion must 
be left to starve. For permanent social 
the 
working day must be shortened. The 
Western world now knows that it is poor 
economy to have starving millions cry- 
ing, ‘‘Bread! Bread!’’ 

This process of shortening the hours 
will continue in the same way it always 
has: by the stench of industrial argu- 
ments. The prospects are, however, 
that the conflicts will become progres- 
sively less disgusting as time goes on, 
particularly if the present tendency to 
encourage employee ownership of stock 
Every 


security only one choice is possible- 


ha 
5 


expands as may be expected. 
time hours are shortened and wage rates 
correspondingly increased and more 
people are employed, those in command 
will lose a portion of the distinct mate- 
rial advantage they had held previous to 
the change. The one who profits will be 
he who previously was unemployed and 
toa smaller degree the man who receives 
the shorter hours. The two ends of the 
scale will always be in conflict, and even 
those people who believe in fairy-tales 
ean hardly expect the arguments to be 
settled without bally-hoo and hard feel- 
ings. 

England rose to great industrial pros- 
perity on the existence of the bread-line 
which furnished an abundance of cheap 
labor. Until the enactment of the im- 
migration laws of 1919 American indus- 
tries were successful in maintaining an 
influxing stream of excess foreign labor 
which made life more profitable for the 
man at the top and more miserable for 
the one at the bottom. Captains of in- 
dustry do not relinquish such advan- 
tages easily. 
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hours and wlll 


gradually as more efficient producti 
is developed, only to be cut 

through the annoying existence of 
arguments. It is doubtful 
political or 
able to duplicate the 


of Louis XIV. 
The character of 


very 
industrial monare! 


criminal Wi 


the 


not change 


common 


man wil with 
of time. 


hours 


the pass 


He will grumble about the lon 


despite their shortness), the poor 
pay, the unreasonable boss and all those 
he. He will 
be in very fortunate circumstances but 
will not acknowledge it We 
do not dare to predict the eco 
nomic status of those who live the 
hump of the probable distribution curve. 
We can only be certain that they 


who have more money than 
know or 
exact 


under 


will 
not be satisfied. 

No matter 
tion of the 
idlers will 
amount of 


condl 


the economic 
be, the 


what 
land 


always be 


indigent 
No 


opportunity or 


may 
with us 
economic 
coercion can change such natures, and 
the 


those to 


in our luture we can 


not 


picture ol 


omit whom perpetual 


leisure is of paramount importance 
They will be the ones for whom two 
hours of labor per day will be too many, 
the press of life will be too great, and so 
they will wander the lengths of the land 
for the 


the day begins. 


watching morning’s manna as 


The professional class, the business 
leaders, the able and the ambitious will 


still work long hours, or.at least burn 
the light in the study until late at night 
for the benefit of neighborly observers. 

The miserly but dull person without 


ability may be able to work out four 
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labor policies in a lifetime and draw 
quadruple annuities in his closing years 
and look with hauteur upon those who 
would come borrowing from an honest 
man. He may be able to do even worse 
than that and work out five policies, 
barring accidents and a disagreeable 
wife. 

Numerous corollaries push up their 
inquisitive heads and bark for attention. 
Let us ramble with passing curiosity 
among communism, culture, leisure, edu- 
cation, material possessions, race, war, 
ethics, religion, length of life and pur- 
pose. 

Permanent communism among crea- 
tures such as men probably will never 
be. There are too many individual dif- 
ferences, and in any organism as com- 
plex as the human, differences can not 
pass away even if the eugenists are 
given complete control and only the 
bluest blood allowed to survive. Un- 


doubtedly there will be considerable 
socialistic control of the upper reaches 
of material wealth, but it is difficult to 
envision the permanent decadence of 
private property. 

When we turn to culture we deal with 


a dangerous subject. It has started 
wars and broken up bridge clubs. Yet 
it is so closely allied with physical con- 
ditions that we can not pass it by. 

The Greeks, in their palmiest days, 
were able to maintain, with economic 
stability, a society wherein on the aver- 
age it was necessary to have only five 
slaves and some dishonesty in order to 
live decently in leisure and to acquire 
an acceptable culture. The prospects 
now are that in the future each indi- 
vidual will have untold quantities of 
bouncing electrons, a complete assort- 
ment of all varieties of electromagnetic 
waves, immense quantities of materials 
and a thousand horse-power at his com- 
mand. Comparing his situation with 
that of the Greeks, he will be living in 
conditions infinitely more conducive to 
leisure and culture than any Greek ever 
thought about. 


The classicist and the humanist sniff 
‘As if culture or genius were a matter 
of electrons or horse-power!’’ This is 
an excellent place to draw up and hav 
words on this particular thesis. With 
due recognition of the gap between 0; 
portunity and realization let it be said 
unreservedly that opportunity for « 
tural advancement is always obtained by 
pressing into service either slaves (pa 
or unpaid, free or bound, just as j 
like) or horse-power. If, in a giv 
civilization, the standard of living r 
quires mechanical labor for ten hours 
each day and one man in six is an artist 
who has no time left over from his let 
ters, his fishing tackle or his canvas t 
engage in his allotted share of tl! 
drudgery, then the remaining five must 
work twelve hours of each day if societ) 
is to be kept on an even keel. Each of 
the five has been imposed upon by t! 
artist to the extent of two hours’ labor 
each day. Moreover, the laborer re- 
ceives no benefit from his master’s 
leisure for the higher things; twelv: 
hours of labor makes a man too tired 
he grumbles home to a groggy sleep. 

If Charley is the thirteenth boy—and 
thank God the last—and parental eyes 
see him bubbling over with unexplain 
able mentality and are sure that his only 
rightful destination is college, and that 
he should go without financial worry, 
then a portion of the preceding dozen 
must stay at home and sweat for Char- 
ley’s sustenance while the culture fac- 
tory does its worst. No one receives 
direct benefit except Charley. 

When unaided human effort is all that 
we live by, a full day for every one is 
the penalty for bare existence. This 
holds true, even in the kindly tropics if 
one would keep snakes out of his bed 
and tarantulas out of his soup. With- 
out machines, if one man defaults, an- 
other must pay; but with machines one 
man or many men may default and it 
is the machine which pays. Who cares 
if the machine suffers with sweating and 
groaning and working overtime as long 
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as it has sufficient oil on its moving 
parts ? 

Critics of this and that will 
lack material. No matter to what 
heights the mass intellectual nature may 
climb, those who profess to know will 
pronounce the culture ‘‘ter- 
rible.’ The classicists will mumble 
across the stage and preach of the by- 
gone days when real men were boot- 
leggers and art was art; perhaps calling 
up the shades of Paul Whiteman, Har- 
rison Fisher and Zane Grey. The 
tumble bugs will tumble; time will pass 
on, going out from under those who 
study its events. Historians now forget 
the terrible stench which must have been 
the populace of the Age of Pericles and 
fail to give economic conditions due 
credit for what was done. Since the 
Cro-Magnon man first grunted self- 
admiration for a reindeer scratched on 
a wall it is very doubtful if the varia- 
tions in the mass average of individual 
abilities from place to place and time 
to time have been at all commensurate 
with variations of means and opportuni- 
ties for action. If art is lacking to-day 
look for the change of social history 
rather than the lack of artists and their 
works. The author has the shameful 
feeling that the requisite initiation into 
the arts to enable one to judge is never 
complete until a certain large quantity 
of prejudice has been instilled. There 
is little question but that it takes more 
than the naturally endowed five senses 
to see beauty in an old master. 

A great many things of at least tem- 
porary beauty and worth will always be 
produced, probably in even greater 
quantities than now, because fewer 
artists will be digging in mines or milk- 
ing cows. As to the greatness of the 
works—well, that depends too much 
upon the fads of group intellect, which 
depend upon the accumulated internal 
secretions of many generations past— 
we see no hope of remedy. 

To those who stop and judge, most of 


never 


al ways 


ULTIMATE INDUSTRIALISM 


the people will be low-brows. They 
know much more and possibly be 
genteel than the corresponding 
Individual 


differences will bob up again and agai 


to-day, but still low-brows. 


at the most inopportune moments 


any high-brow expects the low-brow 


ever to become cultured he awaits onl 


particular 


disappointment, it makes no 
difference what age he chooses to live in, 
because relativity is a potent principle 
in biology as well as in physics. If 
there are any ultimate standards, 
sumably the culture will 
it is hard to what 
standards will be 
washing the teeth more often and being 


improve, br 
ultimate 


these 


say 
unless they mean 
unwilling to consider the weather a fit 
topic for conversation. 

Our cultural future rests almost en- 
tirely with our educational 
Leisure and education are the Siamese 


system. 


twins of the future social sciences. As 
the potentialities of the machine and of 
industrialism rise to their destined 
places the present tendency of education 
for the trade will be of minor impor- 
tance and education for will 
come to the fore, just as it has always 
done in the past in schools for the privi- 
leged classes. 

There can be little doubt that 
future our leisure is to be of much 
greater importance than now. The 
above estimate of two hours a day for 


leisure 


in the 


work may be wrong, but whatever the 
number of hours required to fill the 
world’s needs it 
when the allotted task is finished the day 


begun and human 


is quite certain that 


will only be well 
energy, en masse, must have some place 
to go. 

Even before the age of leisure for all 
has been the 
machinery will have to get busy with 
new thoughts. The musty old argument 
reputed to have been a favorite of the 
late Judge Gary, ‘‘What will they do 
with their time if they don’t work 
welve hours a day?’’ becomes really 


established educational 
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significant and important if the num- 
ber of hours is reduced to five or six. 
If 99 per cent. of the people were of 
the variety who just sit and think and 
then part of the time just sit, the edu- 
cational problem would be very simple— 
it does not take long to master the tech- 
nique of sitting. 

The first question of human existence 
is, ‘‘ When do we eat?’’ The second in 
importance appears to be that of sexual 
gratification. After these two items are 
eared for, and sometimes even before, 
the urgent question becomes, ‘‘ What 
shall we do now?’’ Some people, par- 
ticularly the obese, never get beyond 
first base; a great many more never get 
any farther than question two, but what 
of the others? What do they do? Some 
fish, play golf, read, write, hunt, paint, 
raise chickens—a multitude of things 
which hurt no one, not even the partici- 
pant. Others become nosey about their 
neighbor’s business—witness the Boston 
Watch and Ward Society; some find 
murder a very pleasant pastime; more 
go to great lengths for political or social 
power; others gain a great deal of satis- 
faction from imposing on the religiously 
eredulous. There are sex perverts and 
snobs and scandal-mongers; there are 
an enormous number of ways of ham- 
pering human happiness, and some one 
always manages to think of all of them. 

Viewed as a whole, modern American 
education emphasizes the ritual of the 
preparation for particular trades or pro- 
fessions. As we become more and more 
liberated from the shackles of the work- 
ing day the emphasis must be shifted 
back to the more classic goal of prepara- 
tion for idleness, or, to phrase it more 
genteelly, for leisure. This training for 
leisure must do two things: it must 
orient the person in his intellectual 
world, minute as it may be, so that he 
may gain the greatest possible happiness 
therefrom; and it must teach him to be 
willing and able to allow other people to 


enjoy their happiness in their own mai 
ner as long as it is not disastrously ant 
social, amounting to a public nuisan 

It is hard to see how we can get along 
on less technical training than we ha\ 
at present, so for the extra schooling 
how to live there is but one answer 
more time. The period for formal ji 
struction must last for the average, 
us say, until the age of twenty-fiy 
Specialists will probably never be al 
to divorcee themselves entirely from son 
educational institution. 

Granted that the main object of tl 
high degree of education for all is to | 
the acquisition of culture, of regard { 
others and possibly the development of 
sense of humor, how is it to be done? 
confess that I do not know. What wi 
the curriculum be? That’s just anot! 
verse of the same song, I do not kn 
It is possible that the departments « 
education, in spite of themselves, wi 
have made some progress in the matt 
before the two-hour day 
Every generation which is 
educated will help by furnishing bett 
home environment for those to 
The prospect is not entirely hopeless 
but there is nothing to cheer about as 
yet. Undoubtedly, to reach every or 
or nearly every one a great deal of dis 
honesty and subterfuge will have to 
employed and courses be given in ‘‘E 


gets hel 


somew! 


com 


+} 


ics for Waiters and Mechanies’’ or ‘* Cu 
ture for Chamber-maids’’—the app: 
must be made universal. God help t 
educators ! 

Any one will admit that there w 
always be many who are not susceptib|: 
to education and who are proud of 
It must be remembered, however, that 
education, like almost everything else, is 
purely relative and that a great deal can 
be forced into empty heads when public 
opinion makes the proper demands. It 
is to be hoped that the actual mental de- 
fectives will pass out of the picture, as 
they surely will as soon as social preju 














THE ULTIMATE 


against sterilization and humane 


ror the hopeless have passed away 
shortened labors the 


spite their 


ge man and woman will have many 
» possessions than now. There is no 


n talking about how much If we 


ie about points on which we have no 
the discussion becomes merely 
mical We 


that it will be 


venture to assert. how 


a very unsatistactory 
d until any man of average ability 
the course of a reasonable 
ited, fulfil his 


have all the 


during 
become fittingly edue: 


bor obligation to society, 


ssible mechanistic devices at his dis 


iu 
posal either by ownership, rental or paid 
mission and then have sufficient time 


; 


portion of 
then, 


nd means to ransack every 


he chooses, and 


S sphere if 
finally, if death really proves inevitable, 
may it be slow in attacking and painless 

its action. 

The barriers between the races of the 
under the 

We will 


present must surely dissolve 


action of the solute ol trade 


associate too freely and become too 
intimate for the present great differ 
ences to be maintained. As to what 


will survive and what shade or 


eolor the future citizen will acquire we 
do not know. Probably it will be an 
intermediate complexion, usable in thi 
the Arctic, for the 
person will be a very mobile individual 
end of the earth 
That 


meat 


Tl pies or average 


and will move from one 
to the other on a day's notice 
mental raw 


Stoddard 


particular brand of 


sponsored by Kipling, and 
Company and pawned off as *‘The Bur 


White Race’’ 


will eventu 


den of Civilization of the 
particularly Anglo-Saxon 
thoroughly 


ly be discovered to he 


putrefactive and will be properly in 
inerated in the ovens of publie opinion, 
the will 
We of 


e future will miss the great varieties of 
the in 


ind the consolidation of races 


egin where the gaps are small. 


eople, but that will be one of 


itable burdens we must bear Pos 











INDUSTRIALISM 


siblv we ean de 


SAaTIST\ peop e’s 
Naturally t 
but on 


vuage 


set of "Ss 
chanical D? 
ilread ! re t 
is, the entire | 
suddet he s 
bv son S ) 
eo ploneern 
THIS SIZE tak 
municatiol 
ceivable tha 
shufth 
or mor 
The ST pel S 
ertii ** is S 
John Dov | 
istment Tro 

It is hare 
these prediction 
of the absene« 


certainly ¢ 
There 


ionge as 


control perio 


civilization’s pr 


zation to upho 
nomie factors 
eauses ot ars 
thus probab! 
tributor to 1 
merchants na 


who n 


SLOTIS 





? + 
I 
, 
r 
) } 
| 
” ) nS 
| . 
7 
Lia 
4 
} } } 
? ~ 
, 
ne « 
} 
, } 
? 1) 
' 
, 
. , 
{ 
~T 
r 
rig ~ 
Ss DD 
’ ~ 1 ! ! 
Ss) 
‘ x 
t | ‘ 
, 
< 
? ~ 
si)? | 
} 
a Is 
S ’ 
} , 
i? 
} np 
nprobab 
pres 
hoa ¢ nD} 











50 THE SCIENTIFIC 


business men to see which one can pound 
a table the the hardest, 
rather than having twelve million of the 


longest and 
populace make sausage of each other for 
the sake of some myth of national honor 
or a catehy phrase. 

It would seem that nothing has made 
people so perpetually susceptible to war 
hysteria as orthodox religion. Cer- 
tainly no unbiased observer is able to 
discover a difference between the mass 
methods of getting volunteers for Jesus 
and volunteers to fight the Hun. Pass- 
ing conscription acts does not eliminate 
the necessity for volunteers. It would be 
very interesting to see any commander- 
in-chief round up a whole country full of 
conscripts if they all had a very definite 
idea that they were not going to be thus 
seduced. To one on the outside it ap- 
pears that orthodoxies are dying a more 
or less lingering death. Man as a whole 
is progressively becoming convinced that 
this life is all and that all things beyond 
they 
eent. 


should be dis- 


Uneconsciously, 


are so shadowy 
100 
he begins to think more of the sweetness 


counted per 
of life and less of national honor. 

The battle between and re- 
ligion (in the present sense of the word) 


science 


is inevitable and real. No quarter can 
be expected from either side. Creeds 
and supernaturalism are inimical to a 
scientific point of view of life. All the 
dangerous possibilities of the industrial 
age of the future can be controlled only 
if the social history is built on a founda- 
tion of humanistic but materialistic 
rationalism. 

With supernaturalism ruled out it is 
hard to see how a religion will survive. 
On the other hand, it seems psycho- 
logically impossible for all the populace 
to cast off the cloak. How much of this 
is inherent and how much a product of 
social history no one could dare to say. 


Probably there will be some sort of a re- 


MONTHLY 


ligion in the future, but certainly 
that does not confine itself to the s| 
of Galilee or to Mecea or the 
What its central theme will be is iu 
As to subject-mat 


Gal 


esting to guess. 
it may be expected to be a sort of 
eralized course of ethics—an elong 
Unitarianism. 

Along with all these sociological | 
lems and attracting much less attent 
are the purely biological ones. Let 
assume that the ultimate physiolog 
the life 
a minimum of discom! 
What may we expect? 


aim is longest possible 
and 
Although p 


tically nothing has been done to ext 


pain 


the upper limit of expectant life, 

not unreasonable to suppose that eve 
ally disease will practically be elir 
nated, the hazard of 
greatly reduced and that our insura) 


accidental di: 


rates will take a sharp drop. It 

leave man in a perfectly healthy stat 
for a century, the 
wear out; the slender connecting li 


ensemble seems 
between the living cells snap and lif 
done. The problem of extending t 
phenomena is yet too great. Biologists 
are usually pessimists on the subject, | 
so are all specialists; some day 
mechanistic secrets of life will be dis 
covered and then it may be that the c 
lective life of the cells of a man may 
extended on and on. Then, and not 
then, will man be master of his soul 
he still wants to use that word. 

After a man has had life prolong 
and lived to a really venerable age 
may have time to accomplish many 
the things he would like to accomplish 
stead of only the few which are his al 
ment for the present period of activit 
Even then he can never waste time loo 
ing for a purpose where probably the 
isnone. Let it pass. Human happiness 
is the only reality. Do nothing to | 
sen it. 














SW ARTH MORE, 


earliest to Georgia’s 


TER my) 
at swamp, a naturalist friend laugh 


trip 


y inquired whether I had seen any 
there in the act of catching 
He went on to explain that 


iwators 
mosquitoes. 
such a scene had been depicted in one ol 
» school readers or geographies of his 
the 


Okefinokee had become impressed upon 


vhood days. In this way name 
s memory, although, in common with 
ost naturalists and the public at large, 
he had total 


enoranece of the real nature of this en 


remained in practically 
chanting wilderness up to a score or so 
years ago. Nowadays it is a little 
difficult to reeall what a ferra incognita, 
what a place of mystery and legend, the 
Okefinokee was so short a time ago. 

The image of the entomophagous alli- 
gator had all but faded from my mind 
when it was strikingly recalled last sum- 
mer by Lone Thrift, an elderly hunter 
of the region. We were idling one noon 
by the side of Suwannee Lake, when he 
astounded me by telling with cireum- 
stantial detail, out of his own experi- 
ence, how this animal opens its mouth, 
while resting upon a log or a “‘battery,’’ 
until its tongue becomes eovered with 
mosquitoes, whereupon it brings its jaws 
together with a resounding smack and 
so makes an end, if not a meal, of the 
buzzing pests. 

Seoff at the tale? Far from it. 
association with the the 
finokee engenders faith in their words, 
and in the present case that faith has 
A basking alli- 


Long 


men of Oke- 


been growing steadily. 
gator doubtless has as much reason to 
pen its mouth as a basking crocodile, 
ind I have even seen the tongue and 
eth revealed plainly between the wide- 
art jaws of one swimming quietly 
The presence of leeches or other 


ng. 
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parasitic worms might be wort! ivestl 
gating as a primary cause of the habit 
among crocodilians of basking with open 
mouth, for such parasites would very 
likely be affeeted unfavorably by direct 
exposure to strong sunlight And what 
would be more natural than a mosquito’s 
seeking to draw blood from the tongue 
Certainly no sane Culex or Anopheles 
would attempt to penetrate any part of 
the animal’s external armor. As for the 
liability of ‘‘coldbloods*’’ in general to 
mosquito attack, I have seen two of thes 
pests attached for minutes to a green 
frog's legs 

In this connection it is of surpassing 
interest to note that Geoffroy saint 
Hilaire: observed enats infesting the 
mouths of crocodiles on the Nile and 


that he quoted from Dr. Deseourtilz a 


like report eoneerning (Crocodilus acutus 


of Santo Domingo It is still more 
thrilling to find what True says 

It would appear that they illigators| are 
also expert fly-catchers The quaint allusion of 
Exquemelin ‘* Buccaneers of America,’’ 
English translation, p. 48, 1684] to this sub 
ject is too interesting to be omitted ak 


busied 


they 


ordinar ly 


Caymanes,’” he says, ‘‘are 


in hunting and catching of flies, which 


oceasion is, because close 


eagerly devour I'he 


certain little scales, 


unto their skin, they have 


which smell with a sweet scent, something 
like unto musk This aromatick lour is 
coveted by the flies nd here they come to re 
pose themselves and sting Thus the both 
persecute each other continually, witl ul n 
credible hatred, and antipathy 

E. Geoffre Saint-Hilaire Mi re 8 
deux especes l’animaux nommés 7 / et 
Bdella par ilérodote, leur guerre, et i part 
qu’y prend le Crocodile,’’ M: VU H 
Nat. Paris, 15: 459-474, 1827 

2F. W rru ‘*The Fisheries ar Fishe 
Industries of the United States.’’ Part 
‘*The Useful Aquati Reptiles ind Batrachians 
of the United States,’’ pp. 137-16 Washing 
ton, 1884 
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The existence of this habit, I have recently 


been informed, has been frequently confirmed 


in Louisian | reliable observers; but the 


nformed me inclined to 


which attracts the 


gentieman was 
believe that it is the saliva 
flies into the gaping jaws of the Alligator. 
The venerableness, the persistence and 
the independent origin of the reports on 
such a habit surely entitle them to re- 
spectful consideration. 
the 
his account of a bird that 


long fashion to laugh at 
Herodotus for 


enters the gaping mouth of the crocodile 


It was 


in order to pick off the leeches that it 
there Yet 
have gone far toward substantiating this 


finds modern observations 


‘‘traveler’s tale,’’ and have even identi- 
fied the bird as the blaek-backed courser 
And 


the mosquito destroy ing alli- 


Pluvianus aeguptius who can 
say that 
gator may not eventually find its scien- 
tific eve-witness and champion? 

The bellowing of the alligator and the 
actions accompanying it are so remark- 
able that some accounts of the perform- 


looked 


siderable skepticism, especially perhaps 


ance have been upon with con- 
by those who have not been in the ani- 
mal’s haunts. In the celebrated ‘* Trav- 
els’’ of William Bartram* we 
‘The earth 

The shores and forests resound his 


Au- 


** vroan- 


may read: 


trembles with his thunder. 


dreadful roar.’’ In similar vein, 


dubon® wrote of large numbers 


ing and uttering their bellowing noise, 
like thousands of irritated bulls about to 
fieht.’” 
doubt Bartram’s or Audubon’s accuracy 
should have been the 


Water May 1912 


shared one of my first experiences with 


meet in Any one inclined to 


with me on Big 


one evening in and 


this appalling sound [ was camping 


P. 142. 
4 William North 
& South West 


Florida ...’’ pp. xxxiv + 522, 7 pL, Philadel 


Bartram, ‘‘ Travels through 


Carolina, Georgia, East & 


phia, 1791. 
5J. J. 
ural History of the Alligator,’ 


Philos. Jour., 2: 270—280, 


Audubon, ‘‘ Observations on the Nat 
’ Edinburgh New 
1827. 


. mea 
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with one of the Billy’s Island boys 
little 
above 


platform of logs barely : 
the dark 


Suddenly, 


waters of a gloom: 


press bay and from 


by, a bass roar broke upon us, of 


awful volume that the whole atmosp 


was charged with it and the very 


presses about us seemed to vibrate 


the sound waves. Every few mom 


the roar was repeated Any one 


ing such a tremendous bellow elosi 


the darkness, and unawar: 


fail to 


hand in 
eould 


its souree, scarcely 
struck with terror 

The bellowing may be heard at 
months 


otte) 


vals throughout the warmer 
the 
during the middle or latter 
May, 


On a September mor 


year. [ have heard it 


part ol 


morning in June, August 


September. 


one or two distant gators commen 


bellowing on Grand Prairie, and p 
ently half a dozen responded from \ 


Kach 


lasted about two seconds, sounding | 


ous directions bass, muffled 
est at the start and dying away at 
end. The volume of sound must dep¢ 
largely upon the size of the individ 
for occasionally a bellow heard e 
near by may make no extraordinary 

times a ] 
be « 


One day 


looked 


pression of loudness. At 


culiar humming quality may 
cerned in the bellowing 
Floyd’s Island, I 
voluntarily for a humming-bird ab 
before I that | 


listening to the great bull-like, hummu 


June, on 


my ears realized 
roars of three or four gators somewhe 
out in the swamp. A swamp hunter \ 
tell vou that the sound carries as far 
two miles on a still morning. 

No other living reptile is known 
produce such a volume of sound 
any Brontosaurus or Diplodoe us of Me 
zoie times ever filled the air with v 
thunders, here, probably, is the near 
counterpart of such sounds in the w 
of to-day. To the paleontologist 


would relive the dim past, who wou 
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FIG. 1. SUWANNEE 
WHERE ALLIGATORS ARE THOROUGHLY PROTECTED. TWo ) 
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FIG, 2. 


OFTEN SWIM FEARLESSLY 











see in his mind’s eye a host of prehis- 


torie monsters wandering over some 
Jurassic morass, I commend a sojourn 
in the vastness of the Okefinokee. How 


could the mood for such fancies be bet- 
ter induced than by giving ear to the 
alligator’s savage music, as it rolls over 
these watery solitudes, resounding from 
prairie head to cypress bay? 

the 
remains 


Under ordinary cireumstances 
alligator of the 


rather shy and aloof, and could hardly 


present day 
be expected to indulge in its vocal per- 
formance within of a human 
Few of the swamp hunters seem 


view ob- 
server. 
able to.give any adequate account of it, 
and I myself searcely had a thought of 
ever having the good fortune to witness 
it. Last June, however, an exceptional 


ALLIGATORS OF SUWANNEE 
WITHIN FIFTEEN OR TWENTY 











LAKE 


A BOAT JUN 








FEET OF 





opportunity occurred while I was spel 
ing some days at Suwannee Lake (F 
1), a few miles from the western border 
of the swamp. The owner of the lak 


Mr. 
the gators that frequent it, 


Hamp Mizell, rigorously 
to the nur 
Consequent 


prote 


ber of half a dozen or so. 
the big reptiles will often swim fea 
lessly within fifteen or twenty feet of 
boat (Fig. 2 One morning a ni 
footer commenced bellowing as it sw 

slowly across the lake, with its hea 
pointed out of the water at an angle 

about 30 or 40 degrees (Fig. 3 Wit 
its head in this position, its back w 
necessarily submerged, but a termi! 
portion of its tail projected almost co 
pletely above the surface. This porti 
appeared to be a couple of feet long, a1 
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strongly arched, so that the extreme 
bent downward and dragged in the 
ter, as the tail, functioning as a pro 
ler, 
each bellow sounded from its open 


waved slowly from side to side 
mth, the creature’s throat swelled like 
bullfrog’s. There is doubtless a spe 

11 advantage in the upward tilting of 

e head at this time, in that it permits 
he free escape into the air of the musk 
emitted from glands in the lower jaw 
Each bellow lasted for perhaps a second, 
and as it concluded, the head sank down 
in the water till it was almost or quite 
submerged. In two or three more sec- 
onds the head was raised again and the 
bellow was repeated. On this occasion 
the gator ceased after a very few repe 
titions. In the meantime another gator 
not far away gave some answering bel 
Very often, it appears, the bel 
lowing of one of these animals will eall 
the 


lows. 


forth a response from others in 
vicinity. 

One may judge of the rarity of obser 
vations on the bellowing of the alligator 
from the fact that no detailed eye-wit 
ness account of the performance will be 
found the 
tilians or even in Professor Reese’s well 
monograph of the 
Many, of course, have heard the bellow 
faintest chance of 
serving its authors in the act. The onl 
genuine, first-hand account by a natural 
the 
learned William Bartram, in his ‘‘Tra\ 
through North & South Carolina, 
Georgia, East & West Florida.’’ This 
classic could not be overlooked by any 


in standard works on rep 


species 


known 


ing without the ob 


ist that I have discovered is that of 


els 


zoologist, and the all but universal fail 
ure to quote his deseription of the bel- 
lowing must to an unfor- 
tunate evaluation of it as too fantastic 
or exaggerated to be worthy of credence 

7A. M. Reese, Its 
Allies,’’ pp. xi + 358, York 
nd London, 1915. 


be ascribed 


‘* The 


28 pl., 


Alligator and 


62 fig., New 
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Clarke*® does venture 1 


itten 


0 quot 
he considers it **wr 
and enthusiasm 


as to carry 


beyond the limits of simple and 


statement ‘Most evident | 
bole!’”*° and ‘‘ obvious embellishments 
are some of the judgments prom 
Now suppose we examine thi 
words in which Bartram describes 
he saw on the St. Johns River. | 
in the early summer of 1774 
Behold him rushing fort! 
reeds. His enormous body swells lis 
tail brandished high, floats upon the 
waters like a cataract descend fr ! 
laws. Clouds of smoke as f 
nostrils 
Again he speaks of 
the incredible oud nd errit yy 
they are capable of making, es ! 
spring season, their breeding t l 
resembles very he ivy listant thur 
shaking the air and waters but ng 
earth to tremble He rt " 8 ~ 
by drawing in wind and water gl 
mouth, which causes a loud sonorous ratt G 
the throat for near a minute, but it 
te forced « raiy hr r} 
& 
‘ _ \ 
-X< : 4 
SA) 5 } 
wt , 
yt \ <* 
iN 
“ 
FIG ALLIGATOR IN THE POSITION 
OF BELLOWING 
EX ) 0 ) OF 
’S. F. Clarke, ‘The Habits and Embryolog 
of the American Alligator,’’ J ul 
5: 181-214, 5] 891 
»P. 184 
True, 07 t., p. 145 
Remington Kellogg, ‘‘The Habits nd 
Economie Im} riane¢ or \ rag 
Bull. No. 47, | S. Dept. Ag ) 
1929, pp. 1—3¢ 2 pl. 2 fig Ser 
quotation 
Bartran 4 T 118 
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FOR AN ALLIGATOR 
IS HELD WITH ONI 


May 10, 1912 


GRUNTING 
THI 


FIG. 


IN A CYPRESS POND ON BILLY’S ISLAND. POLI 


WATER. 


MOUTH, THI 


nostrils, with a loud noise, brandishing his tail 


ascending from his 


in the air, and the vapour 


nostrils like smoke." 


The fidelity and accuracy of Bartram’s 
account as a whole, with only the slight- 
est indulgence in poetic license, are most 
impressive. In my limited observation 
I did not 
above, but Bartram’s opportunities were 
vastly superior to mine. At the time of 
his trip on the St. Johns, alligators were 


verify every detail quoted 


amazingly abundant and ferocious, and 


made determined attacks upon him, 
from which he escaped only by the most 
In their own con- 


indifferent to his 


desperate resistance. 
cerns they were so 
presence that he was able to make his 
and at such 


observations repeatedly, 


close range as would be inconceivable at 


Pp. 129-30. 


OTHER IN THE 


the three or 


essential 


present day Only 
account ren 


‘the 


details in his 


to be verified or rejected Vapr 


ascending from his nostrils,’’ ‘‘draw 
in wind and water through his mout 
and the duration of the ‘‘rattlinge in t 
throat for 


vapour’ 


near a minute.’’ The 


ecending was very probal 


seen by Bartram, though more likels 


have come from the musk e@lands on 


lower jaw than from the nostrils. W1] 


‘“*‘drawn in,’’ water mig 
the 
toward the end of the hy 


The air is probably inhal 


not exactly 
easily enter mouth as the he 
sinks down 
lowing. 
through the nostrils rather than throu 
As for the rattling lasti 


Bartram m 


the mouth. 
‘“for 
have meant to refer only to the lengt 


near a minute,’’ 


of time during which the series of sey 
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te bellows continued, and not to one Waves are supp 
ntinuous rattling In any event, we more effectively 
\ here acknowledge our indebtedness through the 

one who was no heedless romanticist, One of t] 

t a scholar who has preserved for us amuse hims: 
priceless record of certain phases ol voice to any 
\merican nature that have passed for-  Jjptt’ — His 
ver P 
The actual mechanism involved in the 


creature 


seemer tT 


emission of the musk does not seem to liatel 
ave been investigated It may be pro paddled ane 
duced by some muscular tension that Is Masve Rives 
simultaneous with the vibration of bel slenaniiie th, 
lowing if not directly connected with it eneountered 
Though true vocal cords are said to be anni Neale tte 
wanting, the laryngeal cavity Is so con of a turpentine 
structed that the bellowing is evidently eS 

produced by the passage through it of : 
air forcibly expelled from the lungs 
The sinking of the head at the conelu 


: : 
’ . . . and took 
sion ol the bellow may be aseribed to the 
, sod es ‘ sudden apparition 
increase in the animal’s specific gravity 
. reptile at such close 
as the lungs are deflated Conversely, 
: aL . . 1i\ companion s 
the refilling of the lungs, with the ac ; 
. ' -” was not long 
companyving decrease in specifie gravity, me 
- . ‘ . Jim: with the 
must enable it to raise its head well out : 
, . 7. . Juring those 
of the water into the position for bellow ) , _ ps 
’ . . the Seminoles 
ing A froe’s alternate inflation and : - 
, a. ‘ . merely their bi 
deflation of its lunes in croaking corre . 2 
. , . ver the 
spond to the alligator’s action ores 


When the swamp hunters wish to lure 
a submerged gator to the surface, they 


> ° . 4 abo ie T 
utter a peculiar whining grunt, with a about t 


, . ° . . . ore ‘eantile 
rising inflection, from deep in their #! at reptiles 


chests: unhh!, unhh! This is so ef numerous on 
fective that they maintain it will bring 

one up even after it has been shot at 

They will commonly grunt for a gator 

simply for the fun of seeing it emerge 

The young ones are said to have such a 

note of their own, and it may be out of 

some concern or interest in them that gators, to 

the adult on hearing the grunt rises to hundred, ma 
the surface to look about. Inorderthat Buzzard Roos 
the sound may earry better beneath the about 1890 
surfaee, the hunter will rest one end of later he an 
his push-pole in the water and bring the eight gators 

] 


e night 


other to his mouth (Fig. 4 The sound _ sing 
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ON FLoYp’s ISLAND PRAIRIE. J 


At the time of Allen 
Chesser’s tale,** I had quite forgotten 
the spirited picture which Bartram has 
left of a remarkably similar incident of 
1774: 


publishing 


The river . from shore to shore, and per 
above and below me, 
appeared to be one bank of fish 

pushing through this narrow pass of St. Juans 
into the little lake . . . and . the alligators 
incredible numbers, and so close 
together that it would 
have been easy to have walked across on their 


haps near half a mile 


solid 


were in such 


from shore to shore, 


heads, had the animals been harmless. 


Whilst this mighty army of fish were forcing 
the pass . thousands, I may say hundreds 


of thousands of them swal 


were caught and 


lowed by the devouring alligators. ... The 
horrid noise of their closing jaws, their plung 


ing amidst the broken ranks of fish, and rising 


Okefino 
Account 


‘Tales of the 
420, 1926. 


14 Francis Harper, 
kee,’’ Am. Speech, 1: 407- 
of alligators on pages 417-418. 


with their prey some feet upright above 
water, the floods of 
out of their mouths, and the clouds of \ 


issuing 


frightful.) 


water and blood rushi: 


from their wide nostrils, were 


Audubon has described from Louis 


ana a somewhat similar scene: 


When flapping 
their tails 
half a 
and devour 
ibis destroys all that make towards the sho! 
tails of the alligator 


alligators are fishing, the 
about the 
The 


them the 


water may be heard 
thrash th 


while 


mile. alligators 


fishes | 


You plainly see the 
moving to and fro, splashing, and now 
then, when missing a fish, throwing it up in t 


air.16 


Bartram’s, Audubon’s and Aller 
Chesser’s accounts support one anothe! 
by their similarity, though more than 
century had elapsed between the first 
123. 


; or79 


5 Bartram, op. cit., 
16 Audubon, op. ¢ 
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All three refer to the alli- 
their heads out of the 
attempting to 
the three mention 


d the last. 
itors thrusting 
after 


seizing or 


ater 
ize a fish. Two of 
he presence of herons and ibises, which 
vicked up the 
None of the deseriptions Is more graphic 


forced to shore 


fishes 
rv detailed than Allen Chesser’s. 

In the early days of their abundance, 
before they had become well acquainted 
with firearms, the alligators were much 
than nowa 


more generally aggressive 


days. In those day s, | have been told. 

was customary for the swamp hunter 
to carry an iron-shod pole in his boat 
for use in warding off their attacks. At 
the 
them are so inoffensive that the men and 


the present time vast majority of 


boys of the Okefinokee seldom hesitate 


to swim in alligator-infested waters 


Though I can not vouch for their au 
thenticity, tales are still told of an in 
trepid boy, Henry Saunders, who used 
into their 


Creek, near 


to dive for alligators richt 
Suwannoochee 
Fargo. <After 


hands, he would give a 


caves mn 
securing a hold with his 
few kicks as a 
signal for his mates to haul him out by 
his feet. There 
erocodile in this 
always catch the sticks thrown at It by 
Henry would climb up on 
something like an tree, 
drop on to the crocodile and cause it to 
sink. But finally he dove into one too 
many caves; an alligator terrapin bit his 


was also an alleged 


ereek which would 
the boys. 
overhanging 


thumb during one of these pranks, and 
thereafter he desisted from his sport. 

this Oke 
finokee gator will make a more or 
determined attack 
boat, but I have never heard of such an 
One day 


Occasionally, to day, an 
less 
upon a person or a 
encounter resulting seriously. 
in January, 1917, a seven-footer made 
for David Lee near Dinner Pond Lake. 
At first he endeavored to get out of its 
Jack- 
that, 


way, but finally had to shoot it. 


son Lee tells of a larger gator 


without 
the side 
in two befor 
rifle 


single 


and SI 
CX rie 
} ] 


when ne ste yped 


asnore 


the canal, and a gator 


after 


went up 
him Possibly it 
that had hee 


} unter 


gators 
The 


dog with 


swamp commonly 


him in his boat, and 


cases it may be the dog, rather tl 
man, that tempts the gator to att 


At times a gator will exhibit 
indifference unwariness 
human being. Onee a four-foo 


> IT ’ . 
v S sine 


ing on a log in Bi 
to paddle almost within a bo: 

before it slipped into the water 
summer | was paddling quietly 
the canal, trying to investigate a 
bushes on shore, 


in the when suddenly 


; 


noticed a six-foot gator within a coup 


of yards ot me It was resting mo 
head 


with the 


partly out of 
front 
beneath the 


with its 


less 


water and portion of 


body visible surtace 


could have easily touched it with 


paddie. While I was considering way 


and means of securing a photograph, 


quietly drew back out of sight Year 
before I hi 


vator in the 


id come upon a similarly wi 


wary canal. It is just pos 


sible that these individuals had becom: 


sluggish from wounds 


On land this essentially aquatic 


is at somewhat of a disadvantage 


creat body, raised slightly off 


ground by its legs, but with the 


dragging, is generally thrust along at a 
slow crawl. Its efforts to reach its more 
natural element from the land are some 
times clumsy and violent In paddling 
along the canal, one is often startled by 
a terrific lunge and splash as a big gator 
hastily deserts the bank for safety in the 


17 Am. Spe | 
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FIG. 


ABOUT 


6. A 


ON CHASE PRAIRIE, FORTY 


water. Once as I was poling across a 
gator-hole on Grand Prairie, its denizen, 
resting on a ‘‘battery’’ behind a sereen 
of water plants, first made its presence 
throwing a monstrous tail a 
the it 


splashed into the water. 


known by 
serambled and 


When uncon- 


yard in air as 


cerned, the alligator swims along with 
much of its back as well as the upper part 


of When it 


makes a speed of as much as three miles 


its head above the surface. 


per hour in this fashion, it is going faster 


than usual. In the presence of danger 
it will show only its head, and less and 
less of that as the danger becomes more 
imminent. Finally, with a swirl of its 
tail, it submerges altogether. Its course 
may still be followed by the air that is 
exhaled now and then and rises to the 
In loeal 


known 


surface in the form of bubbles. 


parlance these are always as 


HOLE 


DIAMETER. 


GATOR 


FEET IN 


**blubbers.’”’ The vator hunter Keeps 
sharp lookout for the blubbers, for tl 
often to 


animal and to prod it out from 


enable him locate an uns 


its © 
or other hiding-place 
at 


watercourses ot the Okefinok 1. 


The alligator is home on all 

inclu 
eator-hi 
the lake 
are lor 
on. bot 


Othe 


ing lakes, ‘‘runs,’’ prairies, 


and evpress ponds. Some ot 
such as Billy’s and Minne’s, 
and narrow, and are walled in 
sides by dense evpress bays 

such as Buzzard Roost and Gannet, h: 
the op 


prairies’ 


a broader expanse and lie it 
The Okefinokee ‘* 
really marshes, with enough 

them, float 
The and 


miniature lakes in the prairies and els 


prairies. 
water 

a_ boat 
6 


in most places, to 


vator holes Figs. 5 
where, varying from perhaps one to t 
rods in diameter and generally not mo! 




















n four or five feet deep. The ani 
s themselves probably play some 
4 w! ether deliberately or uncon 


islv, in keeping the gator-holes clear 
the encroaching vegetation Gener 
y two or more gator-roads lead from 


ch gator-hole out into the surrounding 


rairie or to another erator hole They 


passages or channels through the 


irshy vegetation, averaging two or 


ree feet wide and a foot or two deep, 
nd are oby iously kept open by the anil 


als passing through them The Oke 


finokee hunter also is glad to make use 


} 


the gator-roads in poling his smal! 


boat 
e bottom or 


across the prairies Somewhere at 
side of the gator-hole is 


the animal’s ‘‘ecave,’’ where it takes 


of danger and where it 


+ » of » 7? " 
I uge at a Lrnie 


probably spends the period of hiberna 
on Where the 
‘head’’ (a 
located 
hanging bank at the border of the head 


The 


adjoins a 
islet the 


over 


vrator hole 


prairie wooded 


cave may be beneath an 


smaller gator-holes may harbor a 


single animal, and the larger ones, sey 
eral Probably each occupant exercises 
some sort of proprietary rights over its 


home territory and does not ordinarily 
wander far away 

In the 
finokee the alligator frequents the rivers 


surrounding the Oke 


region 
ereeks and branches, and also many of 
the eypress ponds that one finds here 
barrens 


and there throughout the pine 
| have observed it in the salt or brackish 


marshes of the St. Marys estuary within 
eight miles of the open sea 

During a few of the colder months the 
the most part 


animals disappear for 


being evidently in a more or less com 
plete state of hibernation in their caves 
or other places at the bottom of 


watercourses. 


the otters wander more frequently over 


the prairies than during the 
apparently taking advantage of the in 


activity of their voracious neighbors 
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the 
At this time of the year 


summer, 


(ieceasiona Ver ) 
make 1tS appearance I ! 
winter 

The stap the erator 
reg ! Sp Da S t! 
or sue ot l ni S as 
able to capture A yide val 
these anilmais ~ } Tihs = VA } 
including crawtis froes. salamat . 
SHaAKeS, | irt s ( ( s I bh s T ~ 
inules, 1 rats r-rats ters 
coons and hoes A drive r isi 
unsuccessiul pul in sil 
The seizure « i ma ra ! amo! 
Not thre =f , resting te} nm 4 
erator s r s SLO! ! n 
ItS wh sp Ss r xamp Sal 
( hesser o1 } } i? 
one of th ni? sa tir ' 
ot preset ~ Oo rise sul 


even heard ti ! i na bor ‘ I 

the cannibal « ired 1tS pl WI 
Jackson Le it open al t Vel 

he had k ( ! sia Bonnet | 
found that it had eaten one of its 
lows The -ta the vietin s wl 
and measured a ttle ipwaras 

reet in net! san nu ! . 
told of a ti must be ver 

to a gator ins ha subduing son 
of its larger victims, thoug! hims 
had never se I ret ( il l t! 


sometnil t mat 0 ’ 
in’ he’ll 1 ver al ; \ 
im a STICK WI ! eS) , 
over an’ ove! it} t 

However powerful the jaws may b 
closing Upoth al obiect. the muscles 
open tl Ith ir strat cre ly VPAK | 
seen a five-foot nima yitl S S 
together by a mere bit of cord. T hi 
also seen a hunter take a wour l ga 
and hold TS re «) ? 2 } 
hands 
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FIG. 7. SETTING OUT ON AN ALLIGATOR-HUNT 
NOTE THE BULL’S-EYE LANTERN STRAPPED TO ONE HUNTER’S HEAD. May 9, 1912. 


An experienced gator-hunter informed pieces of Pine Tree Coal, some of whi 
me that he had heard all his life the old weighed eight Pounds.’” A your 
story to the effect that gators will ‘‘get hunter of Billy ’s Island told me of fin 
‘em a mess er pine knots in winter,’’ but ing three ‘cypress knots’ in the ‘‘maw 
that he himself had never found any of a gator he had eut up. They we 
about the size of one’s fist. and ‘‘ wer 


evidence of the habit. It may be that 


he had not had sufficient interest to in- Wore plumb slick Later a friend 
. > " ? Sarr , vl i } 
vestigate the contents of many stomachs, Mixon’s Ferry showed me a_ smoot! 
for there are numerous authentie ree- Worn ball of dark wood, two or thu 
ords of stones and pieces of wood in the inches in diameter, that had come fror 
stomachs of alligators and crocodiles. ® £ator's stomach However the an 

Audubon,’* for example, said on this mals may come to swallow chunks 
subject: ‘‘I have regularly found round wood and retain them until they ar 
masses of a hard substanee. resembling worn smooth and round, these objec 
petrified wood. ’’ Catesby’® spoke of may serve somewhat the same functior 

. c » . 
5 . a . f > > » ‘ ] > , PAe a ‘ 
‘‘chumps of Lightwood [fat pine], and ** the pebbles swallowed bj — 
fowls; 1.¢e., they may help to grind uy 
is P, 280. 

19 Mark Catesby, ‘‘The Natural History of 
Carolina, Florida and the Bahama Islands 
*? vol. 2, pp. ii+100, 100 pl.; appendix, 


pp. 1-21, 20 pl., London, 1731. 20 P, 63. 


large pieces of food in the stomac! 
Since rocks and pebbles are practicall: 
non-existent in the Okefinokee, chunks 
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vood are no doubt the best available 
stitute. 

Little seems to be known of the alli 
Its bellow, like the 
ees of male frogs and toads, may well 
eall, but 
rdly be its sole purpose, for it is heard 
In the 
‘*just like a 


or’s courtship. 


ve as a mating this can 
¢ beyond the mating season. 
Okefinokee region mating 
ard’’) has been observed to take place 
June, in the water. Probably some 
the fights that are reported among the 
nimals are encounters of rival males 
The freshly made nest may be found 
early July. In size, shape and mate 


rials it resembles nothing else so mucel 


is a muskrat’s house One that I ex 


mined was about six feet in diameter 
and extended about two and a half feet 
ibove the water. The prairie vegetation 
had been stripped from a surrounding 
feet in diameter to 
furnish material for the There 


were thirty-two hard-shelled, elliptical 


area about twenty 


nest. 


eggs, occ:pying a space about a foot be 
neath the top of the This 
close to the average the 


varying 


nest was 


number, com 


plements of individuals from 


twenty to forty or more. This nest was 


situated close to a gator-hole in the 
prairie, where its owner, if so minded, 
‘ould have kept a watchful eye on pos 


l Nothing, 


four-footed marauders. 
however, seemed to have prevented num 


sible 
bers of turtles from taking advantage of 


the alligator’s labors and depositing 
their complements of eggs in the soggy 
nest material. The this alli 
vyator were either hatching or ready to 
atch by the end of August, 


ubation period of perhaps two months 


egvs ot 
after an in- 


r thereabouts. 

In spite of somewhat conflicting ac 
uunts, it is evident that the young ones 
Bar 
‘*a young brood of alligators, 
more 


» receive care from the mother. 
ram*! saw 
the number of one hundred or 


Pp. 126, 128. 


in defending 
and providing for the 
when she 
banks, 
may hear 
whining 
pies.”’ Aud 
leads the 
hatched 
conditions 
with the 


m te 
Hamp 


in the 


Mizel 


oTrners 


hemselve 


The alligator-h 


sometimes alone bi usua 


partner, vocation from 


pursues | IS 


during the hours of darkness. I 


ne strapped an 


boat 


past vears oul-burning 


bull’s eve lantern to his head for use in 


‘shining’’ the eyes of his quarry; per 


haps by this time he has substituted the 


more powerful electric flashlight. Thi 


manages I 


skilful hunter generally 
maneuver his boat so near that the muz 


his wun almost reaches the 


zle ol 


head. Certain details of this e« 


suit were thus described by 


Davis out of his ample experi 
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FIG. 8. HUNTERS WITH 


ST TAKEN FROM 
matter er practice. 
but the 
the quicker 


Skinnin’ 


When yer first start out, 


gators is a 
ver go slow: 
more yer kill, the more yer skin, an’ 
‘rr go. Gator meat sure dulls a knife. 
I use a little boat, both 

Don’t take the leave ’em 
where they are. 
First knock ‘em in the head some if they’re 
still a-movin’. When a feller’s out till three 
er four o’clock in the 
till this time er day 


ve 


sharp at ends. 
but 


They sink when they’re dead. 


gators aboard, 


sleep 
but if 
at ten 


mornin’, he may 
early afternoon], 
ter skin, he may get up 


cook 


he has a lot 
o clock 
ter eat.? 


in the mornin’, an’ "im somep ’n 


The hunter has scareely removed the 
hide before for a 
feast. Where the careass floats in the 
water and is thus unhandy to feed upon, 


the continue at their 
noisome task for days. On land, how- 


the buzzards gather 


scavengers may 
ever, nothing but a clean-picked skele- 
ton is left after a few hours. 

1926. 


25 Am. Speech, 1: 418, 


4 SIX-FOOT 


A CYPRESS POND ON 


ALLIGATOR 
BILLY ’s ISLAND May 13, 


hunt 


+} 


AS a 
the 
Okefinokee 


consequence ot persistent 
alligator 


had 


within the past five or ten years, to 


ing, population of 


probably  dwindlk 


lowest point it has ever reached Hy 


recent turn for the better se 


taken place. In 


ever, a 


to have my vari 


trips to the swamp, which have cove! 


a period of seventeen years, | doubt 


I have ever found the animals so num: 


ous as during the past summer. ©) 


while along 
half a 


must have 


afternoon, paddling 


eanal for dozen miles, a eco! 


panion and | observed by 
fifteen 
This improved status of the 
chiefly due, I believe, to the 
the the 
discourage the hunting of alligators 
entirely 


tween and twenty individuals 
species 


attitude 


present owners of swamp, W! 
veneral and prohibit it 
Chase and Floyd’s Island Prairies. 
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the same time many people have had a 
telling object lesson presented to them at 
Suwannee Lake, by observing how inter- 
esting and comparatively harmless a 
protected alligator may be. 

The maximum size to which alligators 
crow is something of a moot question. 
Naturally the larger individuals are 
tougher to kill and probably also more 
diffeult of approach; consequently it is 
perhaps only through unusual 
chance that a rule is ever applied to one 

f the biggest fellows. The very formi- 
dability of these reptiles doubtless mag- 
nifies their size in the observer’s eyes. 
Thus I am fairly ready to lop off a foot 
from the length of the apparent four- 
teen-footer that loomed before us on a 
sand bank of the St. Marys. One of the 
largest ever killed by Allen Chesser, 
during a lifetime spent in the Okefino- 
kee, was just under ten feet; but he re- 
ported one of twelve and a half feet 
killed in the canal by Reese Rider and 
Giles Jacobs, and a thirteen-footer was 
said to have been taken by John Chesser. 
Samuel L. Davis spoke of catching one 
in the St. Marys that measured twelve 
feet and four inches. Hamp Mizell** 
refers to several ‘‘that measured from 
twelve to fourteen and a half feet long.’ 
A eareass being picked by black vul- 
tures on Floyd’s Island Prairie last 
summer appeared to me between eleven 
and twelve feet long, but its condition 
did not invite an exact measurement. 
Bartram™’ says, ‘‘I have seen them 
twenty feet in length.’’ Audubon’ 
killed and measured one of seventeen 
feet. In former times the alligators had 
a far better chance for a long life, and 
doubtless attained a considerably 
greater size than nowadays. 

Even when only the head of a gator 
appears above the surface, it is possible 
to make a fair estimate of its length, for 

26 P. 50. 

27 P, 128. 

28 P. 277. 


some 


the tell 
there are as many feet in its total length 


swamp hunters will you that 


as there are inches between the knobs 
that mark the position of eye and nos- 
tril; t.¢., a ratio of 12 to 1. And this 
ratio is nearly correct, at least for a 
large specimen. 

The 
reddish reflection in the rays of a lan 
tern or an electric flashlight, while those 
of others have a yellowish 
According to Hamp Mizell, the red-eyed 
individuals are the 
seems quite possible that the difference 
in color may be a sexual 
character, as it is in the box turtle. It 
known that the males of this 
turtle have red eyes, while the females 
have yellow eyes. 


some alligators have a 


eves ol 


reflection 


more vicious. It 


secondary 


is well 


One dark night, while sitting on the 
dock at Suwannee Lake with an electric 
flashlight in hand, I spotted about four 
different individuals by their glowing 
red eyes. The gleam was readily picked 
up at a distance of fifty yards. For the 
most part nothing of the gator was visi- 
ble except those glowing orbs, now at 
rest, and now advancing without sound 
or haste through the gloom of the night. 
When viewed from the proper 
both eyes were reflected in the water, 
making a constellation of four points 
Eventually a five-footer was attracted 
by the flashlight to within a couple of 
yards of the dock. Even at that 
range little more than its head was visi- 
ble in the murky water, but what a cold, 
acquisitive, reptilian glitter in its eyes! 

A few weeks previously Henry R. 
Carey and I had experimented with 
**jacking’’ the old 
canal in the eastern part of the swamp. 
As we paddled silently in the black 
night along the eerie reaches of the 
canal, a great chorus of green tree-frogs 
sounded from the adjoining jungle 
while now and then a southern toad con- 
tributed its droning roar. The 
shrubbery on either bank crowded into 


angle, 


el se 


gators on logging 


dense 
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the water, and some of the trees from 
opposite sides intermingled their 
branches overhead. In paddling down- 
wind, we had brief glimpses of glowing 
eyes in several rather distant gators, but 
they did not suffer us to come near, and 
I wondered if they were suspicious of 
the odor of Carey’s pipe. Various 
smaller lights, like diamond points, were 
discovered to be the eyes of water 
spiders. When, presently, we had 
turned and paddled against the breeze 
for a time, a mere eye was transformed 
almost too suddenly into a ten-foot mon- 
ster, plated and corrugated, that moved 
past us, with easy sinuations of its body, 
almost within reach of a paddle. At 
that distance it surely looked formi- 
dable. In the fairly clear water of the 
canal we saw not only its projecting 
head but practically its whole length 
just beneath the surface. We had thus 
convinced ourselves of the feasibility of 
flashlight photographs from a boat, but 
the next night, when we made ready for 
a trial, a storm came up and thwarted 
our plans. 

The relation of alligators to fishes and 
fishing in this region is something of a 
mystery and a paradox. Fishes must 
form a large, if not a major, part of 
their food. Yet the presence of alli- 
gators is so far from being detrimental 
to the fishes that it is actually looked 
upon with favor by the fishermen. 
Nowhere have I seen fresh-water fishing 
with hand lines to compare with that 
afforded in the alligator-infested waters 
of the Okefinokee region. Suwannee 
Lake, for example, with a length of 
barely a quarter of a mile in its main 
section and a maximum width of fifty 
yards, has a seemingly inexhaustible 
supply of warmouths, ‘‘stump-knock- 
ers,’’ ‘‘thin-gizzards,’’ trout, jackfish, 
red-finned pike, catfish and mudfish. 
During the season of 1925 alone the 
well-nigh unbelievable number of 41,618 


fish were taken from this lake by 

and line. If the half dozen allig 
that disport themselves there had 
serious effect upon the fishing, 

would hardly be protected as they 
As matters stand, they and the p: 
who come in numbers daily to try 

luck are mutually tolerant of each ot 
At the boat landing a sign is cons; 
ously posted: ‘‘Do not pest the 

gators.”’ 

Some of the swamp residents wi 
so far as to claim that fishing is ru 
by the destruction of alligators. W 
there are plenty of gators, they 
there are plenty of fish. On this s 
ject Jackson Lee once observed: ‘‘Y 
eain’t ketch no fish hardly where t! 
ain’t no gators. Over on Honey Is 
P’rairie, when me an’ Julian God 
came ter a hole with a gator in it 
could ketch a-plenty er fish.’’ 

As conspicuous and _ interesting 
creature as the alligator could not 
course, escape notice in the folk-lor 
the region. One day, a good many 3 
ago, when David Lee and I heard s 
bellowing while we were poling thr: 
the cypress bay between Billy’s L 
and the Minne Lake Islands, he 
marked, “‘If it don’t rain within t! 
days when a gator bellers, it’s goin’ ' 
be dry weather, they say.’’ Years lat 
when Tom Chesser said, ‘‘I heerd s 
gators this mornin’,’’ I thought to 
quire, ‘‘Does that mean we’re goin’ 1 
have ‘weather’?”’ 

**That’s whut the ol’ folks say,”’ 
answered. ‘‘I don’t know anyt! 
erbout it.’’ On another occasion, aft 
a pronounced outbreak of bellowing 
was interested to notice that we had 
shower two days later! In _ Lor 
Thrift’s opinion, ‘‘They gener’ly be! 
against a rain—a few hours befor 
rain.’’ There may be as sound a reaso! 
for alligators bellowing in anticipati 
of rain as for tree-toads and frogs t 
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’ 
on 


‘oak at such a time. Beyond a doubt ticular names vy 
certain gator-holes on 
egg-laying of amphibians, and Prairie. In passing by, 
ese*® speaks of the alligator’s laying light to grunt for 
ing deferred on account of an extreme tances, to watch for 
ught. **job’’ at them with 
A local wag once prescribed the oil a friendly way an 
from ‘‘a pint er gator brains’’ as a cer- fantastic appellat 
tain cure for rheumatism, well aware ‘‘Sally,’’ ‘‘Goshen’’ 
at his patient would not be likely to The picture of one of t 
yequire that quantity of the notoriously ing on his frolics, while standing 


small brains of this species. his boat and dexterously wielding 


It used to please the fancy of some of push-pole in a prairie 


Billy’s Island boys to bestow par- of the pleasantest that 


t 


P. 18. the Okefinokee holds 





PRESERVATION OF STEEL 


By Dr. A. H. SABIN 


NATIONAL LEAD COMPANY 


Ir has always been known that pieces 
of iron or steel, when exposed to the 
weather, rust and are progressively de- 
stroyed by conversion into oxides, hy- 
drates or salts; this also takes place un- 
der water. It has long been approved 
practice to prevent or retard this action 
by painting it; the paint should make a 
waterproof and impervious film. A gal- 
lon of paint will cover, in general, from 
350 to 600 square feet, or an average film 
thickness of perhaps three thousandths 
of an inch or eight hundredths of a milli- 
meter. It is probably impossible to ap- 
ply this so as to be quite free of porosity, 
but when the film is dry (by oxidation) 
a second coat will so cover it that any 
breaks in the first are closed; the best 
practice calls for a third coat. When we 
think that we expect five or more years’ 
protection against the weather from a 
film a quarter of a millimeter or a hun- 
dredth of an inch thick, it seems an ex- 
travagant demand ; yet twice this time is 
often reached, and three times is not be- 
yond the record. 

Highway engineers and also, especi- 
ally, railway men who have responsible 
care of steel structures are thorough in 
their painting requirements ; they expect 
the metal to be clean beforehand from 
dirt, rust and scale. Their work is fre- 
quently inspected and they realize their 
responsibilities more uniformly than do 
those whose work is concealed, and their 
judgment is a safe guide. 

Every one has seen composite struc- 
tures made of concrete, which is an arti- 
ficial rock, and steel posts and beams. 
The beams are erected first and then the 
concrete, in a liquid form, is poured into 
incasing wooden jackets where it hard- 


ens, thus giving a strength and 
greater than either 
There is difference in opinion 
practice among engineers as to the 
ing of steel before the 

stone is formed around it. Son 


would hav 


such 


it with much care, and some do not 
it at all. This is one of the most 
ordinary anomalies in engineeri! 
lief. 
one way and equally good ones a1 
posed to them; there is no 
ground. No one doubts the value ot! 
composite structures, and no on 
tions the usefulness of good p 
itself. 

About the beginning of the p 
century concrete began to be consi 
as useful in constructive design, a: 
promoters, who as later experie: 
shown had sufficient ground for 
general claims for its excellence a1 
eral utility, called attention to th: 
that its expansion and contraction 
ing (and due to) changes in tem; 
ture were the same as those of stee! 
hence no temperature-stresses were 
to lessen the strength of composite m 
bers; and also that concrete acts as 
preventive of corrosion because the 
ment in it is strongly alkaline, and i 
does not rust when protected by al 
Therefore, they said, it was not n 
sary to paint steel which was to be e! 
tirely covered by concrete. Also 
claimed that the reenforcing value of t 
steel was dependent on its adhesion 
the concrete, and that this was lessened 
by interposing a film of paint, so that it 
was actually better not to have 


Some of the best engineers 


painted, quite in addition to saving t! 
cost of paint and painting and the dela) 
involved. They had a strong case. 
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But in the course of time trouble 
arose. Sometimes the imbedded metal 
did rust, and the almost irresistible ex- 
pansive force of the chemical reaction 
burst the enveloping concrete layer, 
which sometimes appeared to be quite 
disintegrated. The repair of such breaks 
is difficult and costly and sometimes im- 
possible. The break was explained by 
the original contractor as due to the im- 
possibility of avoiding occasional imper- 
fect mixtures when working with practi- 
eal construction methods and the unre- 
liability of labor to secure perfection in 
the mixing and application every min- 
ute; and while the improvement in mix- 
ing machines, better measurements of 
the ingredients and general standardiza- 
tion have probably been of good effect, 
yet the enormous use of this material, 
the necessary tendency to greater econ- 
omy in the work and the rapidity with 
which such work is rushed all have ef- 
fects in the opposite way, so that failures 
still occur and probably increase. It is 
obvious that a good rust-preventive 
paint in such places would have been of 
much value, probably enough in any one 
ease of failure to have warranted its use 
on the whole structure. As to the effect 
of paint weakening the structure because 
of lessening the so-called bond between 
the steel and the concrete, there are 
things to look into. In the first place, 
some misleading ideas about this bond 
exist. It is simply adhesion; there is no 
chemical or other mysterious action; the 
pressure of the enveloping concrete does 
not lessen the adhesion of paint to metal, 
which is actually great, so that to remove 
it when well dried on, if desired, it is 
necessary to use the sandblast or to melt 
it with the blow-torch and scrape it while 
hot. Cement adheres to dry paint, but 
undoubtedly the presence of this elastic 
film makes it possible to pull a smooth 
rod of imbedded steel out of a block of 
perfect concrete more easily than if the 
paint were not there. But it has long 


been recognized by engineers that con 
crete also holds steel by its own strength 
and rigidity, so that bars for reenforcing 
are made with lumps, twists or other dis 
tortions to cause the separation of the 
concrete and the steel to depend, not on 
some uncertain bond, but on the com 
posite strength of materials; and when 
riveted joints or irregular shapes are 
covered with concrete it is clear that the 


+ 
? 


strength of such places depends on the 
strength of materials, and the stiffness of 
the joints is due to this construction and 
to the contraction of the concrete while 
setting which ensures a good fit. The 
adhesion of concrete is a real thing, and 
is a little more (how much depends on 
what kind of paint is used) if there is no 
paint; but it is fundamentally due to the 
form and strength of the concrete mass 
itself. 

It has been said that concrete has the 
same thermal expansion as steel, but it is 
pointed out by the bridge engineer of the 
longest railway system in this country 
that while it may be that a concrete can 
be made of which that is true, practically 
concrete contains, as half its composi- 
tion, local available rock or gravel, no 
two samples of which are likely to ex- 
pand alike, and it is reasonable to ex- 
pect stresses due to this cause, which 
push or pull incessantly as changes in 
temperature never stop, and these must 
loosen the so-called bond which is other- 
wise said to exist. In fact when old 
structures are demolished it is sometimes 
possible to seale off the concrete from the 
metal. 

It is true that freshly made concrete is 
strongly alkaline; some of the combined 
calcium is set free as hydrates in the 
somewhat complicated chemical action 
which takes place when the ingredients 
are mixed with water. If minerals like 
felspar are part of the mix, it is not un- 
known to find potassium. carbonate in 
the water which exudes from the surface. 
As iron does not corrode in the presence 
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of free alkali, the anti-corrosive value is 
ample when the concrete is fresh, but it 
is not found in concrete several years 
old. It is well known in testing labora- 
tories that a well-made block of concrete 
(for example, four inches in diameter) 
well-aged, dried in artificially dried air, 
weighed, then submerged several days in 
water, then superficially well dried, al- 
ways gains considerably in weight, show- 
ing that it is not impenetrable to water. 
While water will not visibly flow 
through it, as through unglazed earthen- 
ware, it nevertheless passes slowly, and 
the idea that it is waterproof has long 
since been given up. Thus free soluble 
alkali gradually escapes; and it is well- 
known that while fresh oil-paint does not 
make a good coating on new concrete, it 
is safely used on that which has been ex- 
posed to the air for a year or so. Well- 
dried paint, as that on structural metal, 
is not appreciably attacked, because a 
dried film (linoxyn) is resistant to dilute 
alkali. But the protective action of the 
alkali in concrete, ample when it is 
fresh and perhaps for a year or more, 
gradually disappears with age. The 
really permanent protection which it af- 
fords to imbedded steel is due to the fact 
that it keeps air and moisture away me- 
chanically, and this is of great value. 

It is often said by inspecting engineers 
that it is impossible to mix and pour a 
thousand tons of concrete without some 
defective places in it due to imperfect 
proportioning of ingredients, too much 
or too little water, unavoidable or some- 
times careless mistakes in placing. Many 
such things may happen on a large job 
which has to be rushed through in mini- 
mum time. These things let air and 
water in to the metal. If it is unpainted 
corrosion takes place, and as the rust oe- 
cupies more space than the iron from 
which it is formed, and the force of 
chemical action is great, the adjacent 
concrete is lifted off. This crumbling 
artificial stone holds water somewhat as a 


sponge or any wet cellular mass | 
the rusting goes on. An area of 1 

than a square foot of concrete, maki 

sheet an inch and a half or two i 

thick, lifted an inch or two from the 
porting metal, has been reported, not $ 
a single instance but often. Indeed 
massive conerete of composite br 
piers and of building foundations 
been made into a crumbling mass w 
had to be entirely removed. Such t) 
ought not to happen, and probably s 
engineers think they secure entire sa! 
by the precautions they take. But 
if they do it is likely that they may 
mit that less thorough methods are « 
mon. 

Concrete highways are from five t 
inches thick, roughly speaking. T! 
reach temperatures of over 100° F 
summer and below 0° F. in winter 
the cold they show eracks. They 
often reenforced with steel rods, per! 
half an inch in diameter. When a cr 
forms and the adjacent masses of r 
way, perhaps twenty feet wide, conti: 
to shrink, each as a single body, 
crack becomes a visible and consider 
opening. But what happens to the st 
rods which cross it? In the state | 
ways of Illinois, to mention a partic 
ease of high-class work, these rods, w 
the road is under construction, 
painted with a paint which never b 
comes entirely hard, and therefore : 
as a lubricant, so that the rod may sli; 
little as the imbedding concrete co! 
tracts or expands. They are to gi 
transverse strength and toughness, 
not excessive rigidity, to the sheet 
concrete. This is a different sort of 
struction from that of a steel and co! 
erete building, and it suggests some t 
ther lines of thought. A good weather- 
proof paint becomes hard—not hard as 
steel, but perhaps hard as a soft wood 
and will stand a deal of abrasion with: 
much injury. Yet it does not become s 
hard as to be brittle. On a piece of iro! 
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ill vield enough when the latter is 
t to bend with it and its dry film is 
ways a little elastic. It that 


s slight elasticity may help to prevent 


is likely 


formation of wide cracks in the much 
smaller temperature-changes which oe- 
r in ordinary buildings, and no doubt 
will prevent the corrosion which mi- 
scopic eracks in the cement might 
erwise provoke. 
The causes are many for the opposi- 
on to painting steel which is to be in- 
The first is the added 
pense. Some people do not care about 


ased in concrete. 


this; but many jobs are on competitive 
bids, the labor cost of painting is some- 
what of an uncertainty and every thou- 
sand dollars sealed off from an estimate 
has weight in deciding a corporation, es- 
pecially a new one, whether to go on or 
not. The designer is urged to cut down 
The 
who comes later, may perhaps have all 
but not the engi- 
Then it is said that painting in- 


cost wherever he can. decorator, 
the money he wants 
neer. 
volves delay. It seldom does, but some- 


times it may, a little, and every hour is 


precious. Back « t 1S 

spread belief that steel in coner 

rusts. But many engineers kno. 
sometimes, even frequent does 

the values involved are so gré 

every possible protection ought be 
taken. Fundamentally, the whole mat 
ter needs discussion. The men who feel 
sure and who can speak from experienc 
ought to consider each other’s arguments 
and instances. The present writer, who 


has studied and observed these questions 
for forty years, holds that all metal 


should be cleaned and painted with the 


best material and in the best manner 
and engineers who have built hundreds 
of bridges and been in charge of them 


twenty to thirty years say that no steel 
inted 
Woo wortn 
Pal 


the he ST 


shall go into their 
Splendid buildings like the 
Tower, the Stevens Hotel 
House two 


paint, with the best 


work unpa 


and the 


mer have coats ol 


hye tore 


; + 
inspec Ion 


any concrete 1S applied ; and at the 


Same 
time millions go into skyscrapers with 
little or no attempt even to clean the 
steel from rust and seale. Somet!] 


ing 1s 


somew here 


wrong, 





LIGHTNING: IS SEEING BELIEVING? 





By H. A. ALLARD 
DEPARTMENT OF AGRICULTURE 


U. S. 


From earliest childhood thunder- 
storms have fascinated me, and I have 
always made it a point to keep all the 
phenomena of their coming and going 
under minute observation. When a 
youth on my father’s farm in New 
England I spent entire nights afield 
watching the play of lightning from the 
most favorable vantage-points. In spite 
of the fact that I was wont to perch 
upon the highest points of cliff and rock 
to satisfy my insatiable curiosity to be- 
hold these awe-inspiring storms, the 
gods were kind to me, or perchance the 
laws of probability allowed no particu- 
larly unpleasant contacts with the mys- 
terious electrical manifestations. 

I have beheld many interesting phe- 
nomena in this lifelong association with 
these storms, and my love of the beauty 
and grandeur and the dynamies of their 
weird play over the earth has been one 
of the happiest chapters of my life. I 
have beheld many seemingly truthful 
phenomena with respect to the play of 
the lightnings, yet I wonder, now and 
then, if some of the phenomena I have 
seen represent reality, or some phase of 
optical illusion or perspective. I am 
putting myself on record, hoping some 
of these points may be clarified for me, 
for it is evident that truth from the 
scientific point of view is dependent 
upon the correctness of sensory impres- 
sions. 

I may state first that I have been so 
unfortunate for some reason as never to 
have beheld yet any hint or semblance 
of ball lightning. I not only feel that 
such must have occurred, but I feel that 
there is no logical reason why an elec- 
tronic flow may not in some unusual 
condition take on a localized spinning 





perhaps, rather than the usual spark 
streak path. I feel, furthermore, 
some people are much more prone t 
ball lightning than others, and | 
such proneness is to be expected 
the idiosynerasies expressed in our s 
sory and psychic make-up. There 
intelligent people still existing among 
who believe they have seen and com: 
nicated with ghosts and spirit beings 

I will consider the 
streak, spark and flash forms of 
ning, which every may see. 
variety of phenomena arises here, s 
probably dependent upon truthful s 
sory revelation, some perhaps more 
less illusional. If I take the evidence 
my optical impressions alone I 1 
conclude that the lightning bolt or d 
charge from cloud to cloud or betw 
cloud and earth may appear as a sing 
spark, as a series of sparks, as a str 
and as any combination of these. 

The first of these, the single s| 
effect, gives naturally the impressi 
one brief flash. I have seen this for 
lightning time and again, even in 
same thunder-storm. It is best s 
when the storm is at a distance dur 
the day or in the evening before 
dark enough to cause severe blinding |! 
the flash. This form of lightning can 
considered the isolated spark discharg 

If we admit the possibility of a br 
spark discharge, it is logical to cons 
possibilities of more than one suc 
sional discharge. Admit this, 
progress from the phenomena of br 
spark to sparks of longer durati 
thence to the stream discharge. 

If my observational impressions 


oral 


now 


one 


anda 


correct, I have hundreds, yes thousands 


of times, beheld all phases of these 
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have beheld them in the same thunder- 
storm. Some thunder-storms display a 
greater frequency of one form than an- 
other, and all appear to be more gen- 
erally earth-cloud discharges. There is 
no good reason why such phenomena 
should not exist, and I have compared 
my own impressions with those of other 
observers beside me who saw the phe- 
nomena in the same way. 

The stream form of lightning gives 
evidence of genuine reality to me. I 
have seen a ribbon-like streak fairly 
hang between sky and earth for an ap- 
preciable time as it seemed, and the next 
bolt appear as a transient spark, with no 
apparent continuity between sky and 
earth. If these have any illusional pos- 
sibilities, then I must conclude that at 
one moment, or on one afternoon, I am 
particularly susceptible to visional illu- 
sions; at another time remarkably free 
from them. 

There is another phenomenon of light- 
ning discharge which has come under 
much discussion in the columns of 
Nature in the past and spoken of as pro- 
gressive lightning, or multiple flash.’ 

It is the broken or repeated discharge, 
apparently following the same path be- 
tween cloud and earth. A bolt occurs 
followed sometimes by several others in 
rapid succession along the same path, as 
it would seem. 

I see no reason why such interrupted 
discharges should not occur, and my 
sense of vision presents them in various 
time sequences. The impression may be 
of the occurrence of one streak or of two 
or more successive streaks, perhaps four. 
Whether there may even be a greater 
number than this I can not say. Even 
here some types of thunder-storm ex- 
hibit much higher percentages of the 
repeated discharge than others. As 


1C. V. Boys, Nature (England), November 
20, 1926; C. D. Perrine, February 19, 1927; 
Whipple, May 16, 1889, p. 71. 


some observers have contended, it is true 
that these repeated discharges are asso 
ciated with distance, but it is doubtful 
if any form of lightning can be as truth- 
fully seen and reported within a hun- 
dred yards as at a distance of five miles 

If once we admit the possibility of 
successive sparks or discharges in ap 
proximately the same path I see no 
reason why conditions of varying time 
intervals between them may not occur. 
On the one extreme, these would appear 
a succession of several rather widely 
separated streaks; on the other, where 
the intervening time intervals have be- 
come so short as to be inappreciable, the 
discharge would appear as a close 
stream discharge. I have more than 
once noted displacements of some of the 
successive discharges more or less re- 
mote from the original path. Even 
though ionization of the path of the first 
discharge makes it easier for successive 
discharges to follow, it is evident that 
this path must be subject to more or less 
rapid displacements as a result of air 
movement. 

There is another phenomenon which 
is far more puzzling to me. It has al- 
ways seemed to me optically that there 
are great differences in the speed of 
propagation of lightning streaks. The 
isolated spark discharge always gives me 
the impression of extreme speed. On 
the other hand, the lightning streak in 
some storms often seems to meander with 
rocket-like impressive slowness along 
the horizon. If at all times the speed 
of the discharge is near that of light, | 
can not see why this phenomenon should 
be revealed at any time even though the 
streak traveled entirely around the 
earth. I have seen it stated that light- 
ning completes itself in one seven thou- 
sandth of a second, and that no part 
lasts longer than approximately one 
thirty-five hundredth of a second. If, 
however, the validity of slow-traveling 
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ball lightning is admitted, it is natural 
to infer that the actual speed of propa- 
gation of lightning may vary from this 
minimum to some condition of maximum 
speed. 

Another point of some interest is the 
fact, now recognized as established, that 
the direction of propagation of 
charge may be from earth to cloud or 


dis- 


vice versa. My eyes had led me to con- 
clude this long before I had the 
assertion scientifically established. Some 
time in the early nineties I well remem- 
ber reading with 
magazine article asserting this fact, the 
proof as I remember being based upon 
photographie evidence. More than once 
I had gotten the optical impression, at 
least, of a rocket-like meandering streak 
passing skyward from the earth. The 
usual direction in all my years of obser- 
vation, however, has been a propagation 
from sky to earth. The apparent slow- 
ness of the rocket-like type of lightning 


seen 


great enthusiasm a 


has given other well-marked impres- 
sions. Often a meandering streak, as it 


seemed to me, shot up from the earth, 
meandered far away along the horizon 
and descended to earth again, as it 
seemed, many miles away. Of course 
here it may be assumed that the perspec- 
tive of distance has entered into the 
matter. If a distant thunder-cloud ex- 
tended below the horizon, a streak origi- 
nating in the clouds actually below the 
horizon line and merely passing into the 
zone of vision at some higher point 
would appear as having shot up from 
the earth into the higher cloud regions. 
Strangely enough this optical illusion, 
which was a feature of my experience on 
innumerable occasions, had so much of 
the semblance of reality that I was led 
by erroneous seeing to arrive at some 
degree of actual truth with almost irre- 
sistible finality. From these early im- 
pressions even as a boy I was content to 
believe that the lightning streak some- 









times passed skyward from earth, and 
not far thanks to the 
truths of the optical illusion. One 
the later views of the direction of 
streak emphasizes the fact that it 
earthward and skyward at the same 





was wrong, 


stant, the two ends meeting in mid 

one seven thousandth of a second lat 
I have no doubt but that the persp: 

of distance is responsible for my impr 
sions of the bolt arising from earth, | 
why should a rocket-like slowness con 
in to favor such an illusion 
greatest visible path is 
small in comparison with the distan 
electricity can travel in a 
time? If the propagation of the strea 
is toward a median point from two o; 


when 
inconceivab ; 


second 


posite directions, why does the humar 
eye and mind usually define the r 
sultant path as a sky-to-earth discharg 
Is it a phenomenon comparable to thos 
optical shifts of perspective in the s 
ealled ambiguous figure that make son 
geometrical arrangements of lines take 
certain form at one instant, and som 
other emphasis of form at another 
stant? 
Thunder-storms 
phenomena in many respects. In a pa! 
ticularly active storm I have more than 
once seen a bolt shoot to earth far i: 
advance of the lagging rainbelt. In one 
instance in particular I was so muc! 
interested as to make inquiry regarding 
such a bolt, learning finally, from on 
observer, that it had struck a tree on his 
place long before the rain itself had 
reached his locality. Not infrequent!) 
in the higher clouds pushing up wit! 
clear-cut outlines into the blue skies | 
have seen the lightning streak 
actually beyond the cloud limits and 
terminate in the clear zone some dis- 
tance beyond. Here, however, there 
may be present a zone of invisible mois 
ture, for it is at these higher points that 
the scarf cloud may suddenly come into 


are strange, Wel 


pass 
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expression, apparently almost flowing 
er the tops of the rounded cumuli or 
extending outward like a blowing gossa- 
mer veil. 
I may mention some apparent be- 


iviors of the branching discharge 
which have come into my optical experi- 
ence. Some bolts give the impression of 
an unbranched flame ribbon between 
sky and earth; others become much 
branched. It has always seemed to me 
that, in 


sparks or streaks were induced which 


some instances, minor side 


aischargs 
branches a 
flash and 
impress 
have said 
There 


IS SEEING 


the stor 


the 


thund: 


nomena. 


mit 
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FOREST-FIRE RESEARCH 


By H. T. GISBORNE 


SILVICULTURIST, NORTHERN ROCKY MOUNTAIN FOREST EXPERIMENT STATION 


Fire is one of the three great natural 
causes of wastage of forest crops. En- 
tomological and pathological causes—the 
other two—have long been the subject of 
extensive scientific research. It is only 
in recent years that a beginning has been 
made in the scientific investigation of 
forest fires, their cause and effect rela- 
tionships and the possibilities of reduc- 
ing the resultant losses by better meth- 
ods of fire control based on more de- 
tailed knowledge of the fundamental 
factors involved. The control of insects 


and fungi is based on the science of 
forest entomology and forest pathology. 
We practice fire control but as yet we 
have no science of forest pyrology. 
According to a recent article in the 


Revue des Eaux et Foréts'’ very little 
research has been devoted in Europe to 
these fundamental factors controlling 
the behavior of fires. In all countries 
there has been much study of the agen- 
cies that cause fires to start, but in the 
United States the need is now clearly 
recognized for studying also the natural 
conditions which must be favorable in 
order to permit these various agencies 
to start fires. Unless natural conditions 
are favorable forest fires can not be 
started, can not spread and can not do 
damage. And when there is no danger 
of spread or damage then there is no 
need for attempting to control or in- 
fluence the agencies that start fires. On 
the other hand, when natural conditions 
are favorable to the spread of fire then 
there is need of controlling the causa- 
tive agencies and then there is need of 

1L. Lavauden, ‘‘Recherches techniques sur 
les incendies des foréts,’’ Revue des Eaux et 
Foréts, October, 1928. 


preparing to fight fires in direct propor- 
tion to the effect of the natural factors 
When these factors are most favorabl: 
to rapid spread this need is greatest. It 
is rather obvious that for most efficient 
fire control, meaning prevention, detec 
tion and suppression, it is highly 
sirable not only to understand fully t 
conditions that fire danger 
vary, but also to measure these vari 
tions and to modify our human efforts 
accordingly. 

Practically every forest region in th 
world is subjected to periods when fires 
are very uncommon, alternating wit! 
periods when fires are more. commot 
These latter periods are called 
seasons, and they are known to vary 
in degree of danger one season with 
another. It is uniformly true that 
the safe periods are characterized by 


cause 


the fire seasons, which are the warmer 
and drier portions of the year. Bad fir 
seasons likewise are usually character 
ized by weather which is warmer, drier 
and windier than the easy seasons. 

All fire seasons begin when the forest 
materials lose enough of previously ac- 
cumulated moisture so that they become 
dry enough to support the process of 
combustion. As the season develops and 
the fuels lose more and more moisture 
due to still hotter and drier weather the 
degree of inflammability increases and 
finally reaches a peak for that season. 
Then as cooler and more humid weather 
occurs the forest materials, both dead 
and alive, absorb and retain more mois- 
ture and become less and less inflam 
mable. Ultimately, heavy rains supply 
sufficient moisture so that the forests 














hecome too wet to burn, and that fire 
season is ended. 

In all these transitions from non-in- 
flammable to extreme inflammability and 
vice versa, the changes are due largely 
to decreased or increased moisture in 
the fuels. And in all these cases the 
weather is the obvious control of these 
changes in moisture content. Appar- 
ently any research designed to deter- 
mine the causes of that effect which we 
eall fire danger must consist of investi- 
gations of the inflammability of forest 
materials as influenced by their mois- 
ture content. This seems to be the first 
logical step from first danger back to- 
ward its controls. Clements has stated 
that ‘‘In all cases the best scientific 
method in analysis seems to be to deal 
with the immediate cause first and then 
to trace its origin as far as possible or 
profitable.’’ As change of moisture con- 
tent has been proved? to control the ease 
of ignition and the combustion of forest 
materials, the immediate causes and first 
subjects for fire research would seem to 
be the moisture contents of these fuels 
and the exact effects of moisture content 
on inflammability. 

As has been indicated above and as 
proved by research already done,* the 

2J. S. S. Brame, ‘‘Fuel—Solid, Liquid and 
Gaseous,’’ Third ed., 388 pp., illus., London 
and New York, 1924. 

‘*Measuring Forest-fire Danger in Northern 
Idaho,’’ U. S. D. A. Misc. Pub. No. 29, 63 pp., 
illus., October, 1928. 

L. F. Hawley, ‘‘ Theoretical Considerations 
regarding Factors which Influence Forest 
Fires,’’ Journal of Forestry, vol. 24, no. 7, 
November, 1926. 

**The Use of Wood for Fuel,’’ U. S. D. A. 
Bulletin 753, 40 pp., illus., 1919. Office of 
Forest Investigation, U. S. D. A. 

SC. G. Bates, ‘‘Evaporation as a Simple 
Index to Weather Conditions,’’ U. S. Mo. 
Weather Rev., 51: 570-1, 1923. 

H. T. Gisborne, ‘‘Using Weather Forecasts 
for Predicting Forest-fire Danger,’’ U. S. Mo. 
Weather Rev., 53: 58-60, February, 1925. 

J. V. Hofmann and W. B. Osborne, Pi) 
**Relative Humidity and Forest Fires,’’ 12 pp., 
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weather is the control of the moistur 
eontent of forest fuels. A great amount 
of research seems to be needed, however, 


to determine the exact moisture content 
of each important type of forest fuel 


as it is controlled by precipitation, tem- 


perature, humidity, wind and sunshine 
Some progress has been made, it is true, 


but the bulk of this work still lies ahead 
of us. 

Then comes the question: What con- 
trols the weather? And here we pass 
out of the field of forest-fire research 
into the realm of meteorology. But this 
is one of the most essential links in the 
chain of evidence which must be com- 
pleted before we are able to put our 
knowledge to work so that more efficient 
protection can be given to our forests 
It is of some value to know that mois- 
ture content determines the degree of 
inflammability, hence rate of spread of 
fire and hence fire danger. If we know 
the degree of inflammability resulting 
from a particular moisture content of a 
certain fuel and if we can conveniently 
measure the moisture contents of that 
fuel, then we have made some progress 
We can measure existing danger and be 
sure of our pronouncement, instead of 
conjecturing about it and making nu- 
merous errors. Likewise, if we know 
that a specific combination of tempera 
illus., 1923. U.S. D. A. Forest Service, Wash 
ington, D. C. 

J. A. Larsen and C. C. Delavan, ‘‘ Climate 
and Forest Fires in Montana and Northern 
Idaho, 1909 to 1919,’’ U. S. Mo. Weather Rev., 
50: 55-68, 1922, illus. 

E. F. McCarthy, ‘‘ Forest Fires and Storm 
Movement,’’ U. S. Mo. Weather Rev., 52: 257- 
259, illus., 1924. 

E. N. Munns, ‘‘Evaporation and Forest 
Fires,’’ U. 8. Mo. Weather Rev., 49: 149-152, 
illus., 1921, 

W. B. Osborne, Jr., ‘‘ Fire-fighting, 
Western Forestry and Conservation Association, 
‘*The Western Fire Fighter’s Manual,’’ chap. 
7, 66 pp., illus., Portland, Oregon, 1919. 

S. B. Show and E. I. Kotok, ‘‘ Weather Con 
ditions and Forest Fires in California,’’ U. 8. 
D. A. Cire. 354, 24 pp., illus., 1925. 
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ture and humidity causes a particular 
moisture content in a fuel, then from 
the mere measurement of temperature 
and humidity we may be able to state 
that the existent atmospheric conditions 
will result in a certain degree of fire 
danger for it within a specified period 
of time. But such periods, which de- 
pend upon the rate of change of fuel 
moisture according to existing atmos- 
pherie conditions, are at best only mat- 
ters of a few hours. Consequently, the 
mere measurement of temperature and 
humidity can not serve as a forecast of 
impending inflammability far enough 
ahead to give time to change much ac- 
tion in fire control. 

The essential and fundamental 
which must be taken, if we are to change 
our plans in fire control to meet chang- 
ing degrees of fire danger, is the pre- 
diction of each of the various weather 
elements at least thirty-six hours in ad- 
vance and preferably for several days. 
When the weather can be accurately 
predicted in detail for days ahead, when 
the effects of each of the weather ele- 
ments on the moisture content of each 
of the fuels are known and when the 
resultant degrees of inflammability can 
be predicted on the basis of the weather 
forecasts, then the forest protective force 
can be increased so that fires may be 
found and extinguished while still small, 
or if conditions are favorable the force 
may be reduced or put on other work so 
that the expense of protection can be 
decreased. Then, and then only, will it 
be possible to obtain successful fire con- 
trol at the lowest possible cost. 

To achieve this goal will require the 
best efforts of trained research workers 
for a long period of years. But the re- 
sults already obtained, from a very small 
force of investigators, prove that prog- 
ress has been made and indicate that in- 
vestments in this type of research will 
be highly profitable. Time permits the 


step 


mention of but a few of the most out- 
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standing results and the indication 
only exemplary types of problems as | 
see them to-day. 

A little over ten years ago, 8. B. Sho 


in California, and J. A. Larsen, at 
Northern Rocky Mountain Forest Ex 
periment Station, both determined 
when the forest duff, cor 
posed of dead tree leaves. twigs, et 
has less than 10 per cent. moisture ¢ 
tent, it can be ignited readily wit! 
match and that the fire will 
They called this the danger line. S| 
also determined experimentally that 
rate of spread of fire varies as 
square of the wind velocity, other 
Five years lat 


coniferous 


spre 


tors being constant. 
Hofmann and Osborne determined t! 
when the relative humidity of the 

is below 30 per cent. or 35 per cent. { 
est fires spread rapidly in the Doug! 
fir region of the Pacific Coast; at high 
humidities they spread more and mo! 
slowly. Thus, the importance of hun 
ity was established and another danger 
line determined for at least one timb: 
type. Meanwhile Larsen had drawn 
line at two inches of rainfall per mont 
below which fires are more 
above which they are more uncomn 
in the northern Rocky Mountain regio: 
Both Munns and Bates pointed out 
fact that the rate of evaporation, as co! 
trolled by humidity, temperature a1 
wind, exerts a marked influence on th: 
rate of drying of fuels following rains 
More recently the writer has isolat 
six degrees of duff inflammability 
cording to moisture content. Temper 
ture, humidity and evaporation rat 
have likewise been correlated with d 
moisture and inflammability so that th 
effects of each of these weather factors 
may be classified at least into four d: 
grees of danger. An instrument has 
been invented and developed for mea 
suring duff moisture content in situ so 
that no time is lost in determining th 
existent degree of duff inflammability 


commo! 
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g, the greatest single cause of 
forest fires in the northern Rocky Moun- 


Lightning, 


tain region, is being traced to its lair 
and on its ravaging voyages by the use 
of all forest fire lookouts in the western 
United States. Last year 4.500 
observations of storm occurrence, path, 


over 


characteristics and resultant fires were 
made in the northern Rocky Mountain 
region alone. And for the last fifteen 
years, with constantly improving effort 
and results, the U. S. Weather Bureau 
has been studying the weather in the 
forested regions and modifying the fore- 
easts so that they are more and more 
localized and dependable. 

As a result, the American forest-fire 
protective organizations have 
and more fire and weather 

The most alert officials in charge 
f fire control are beginning actually to 
depend upon instrumental measurements 
yf existing danger and forecasts for the 
future. Merely as examples: last spring 
over forty men were moved from trail 
and telephone maintenance and 
struction to lookouts, smoke-chaser and 
fire-patrol duty on one national forest 
when duff hygrometer measurements 
showed that this fuel had dried to a con- 
dition of medium inflammability—10 
per cent. to 13 per cent. moisture con- 
tent. In another case fuel-moisture and 
atmospheric measurements showed that 
fire danger was greater than commonly 
estimated by experienced men. On the 
measurements an emer- 
gency was declared and the forest pro- 


become 


more con- 


scious. 


con- 


basis of these 


tective force was greatly increased. In 


still another case the thirty-six-hour 
weather forecast received on a large fire 
which was being fought indicated a 
change in wind direction from southwest 
to north. Tactics of suppression were 
modified accordingly, one head of the fire 
which had been unapproachable was at- 
tacked and an entire mountain side 
which officials had despaired of saving 
was saved from destruction. 
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These and m 
clearly that 
torest 


protect 


search, but 


supe rficial 


h hs 
Ih fli 


sceare 


judg 
to replace ouesses, 
current applicati 

easts tor 
the 


neglected the 


a icw 


meantime, 


universal an 
Although 
plan, designed to 


work in the 


more 
tion. 
‘~ontre 
northern Rocky 


region, outlined some ot 
mental problems and recommende 
attack, the 


applicable results has prevented 


urge for more immé 


ress. Many of the more or less 
ficial problems root, however, in 
mental conditions which must bi 
and studied in detail before the 
goal can be attained. 

For example, consider the sp 
Superficially the 


obtainab e 


forest fires. 
knowledge would seem to be 
merely by measuring actual rate of 
spread of fire and the fuel volumes, ar 


and at 


contribute to 


contents 


moisture 
which 


rangements, 
mospheric factors 
But in such a study can we 
law 


that 


this spread. 
the 


physies E 


Stefan-Boltzmann 
sT*), 


radiation of heat 


overlook 
which says 
from a pertect 
ator the 

the temperature of the radiating bod; 
We have found the 


burning duff to be as high as 376° C 


varies with fourth power 


temperatures 


while in a burning slash pile a maximum 
of 860° C. has been 
preliminary work. In 
the hotter fire had little 


measured in some 
these Two cases 


more than twice 
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the temperature of the cooler and might 
be judged as radiating twice the heat, 
yet according to the Stefan-Boltzmann 
law the heat actually radiated by the 
slash fire was more than nine times that 
given off by equal radiating surface of 
the burning duff. As the radiant energy 
of forest fires is often sufficient to trans- 
mit the ignition temperature to fuels 
separated from the fire by the width of 
constructed fire trenches, it is obvious 
that such marked differences in radiation 
as have just been described can not be 
neglected in any thorough study of rate 
of spread of fire. 

In this same field of investigation we 
know nothing whatever of the exact 
wave-lengths of the energy liberated by 
the combustion of forest fuels. Yet 
when the major radiation lies between 
3y and 4y (30,000 to 40,000 Angstrém 
units) at about 700° C., the emissivity is 
less than one twenty-fifth of what it is 
when the temperature of the radiating 
body is about 1,400° C. (white heat 
stage) at wave-lengths of about 2. And 
all these radiations are outside the visible 
spectrum, entirely incommensurable ex- 
cept instrumentally. In fact it is prob- 
able that only an infinitesimal propor- 
tion of the radiation which contributes 
to the spread of forest fires lies within 
the range of ocular visibility where it 
would be observed and accounted for by 
superficial investigation. 


It is obvious that temperatures of « 
bustion and the emissivity of our fue! 
undoubtedly are important factors in t 
rate of spread of forest fires. It is li 
apparent that we must consi 
much more than the superficial fact 
if we are to understand and make 
use of knowledge of rate 
fires. We can not hope to correlate t 
superficial factors into useful knowl 
without giving full consideration to t 
fundamental laws of combustion. 1 
does not imply that our research shou 
be devoted to the extension and am 
cation of these laws; it merely ass 
that research limited to superficial ¢ 
ditions can not be expected to produ 
more than superficial and oftentim 
temporary results. 

Many more cases of similar kind cou 
be cited to illustrate both the 
already made in forest-fire research ar 
the great field which lies unexplo 
ahead of us. The problem is recogn 
as of paramount importance to the su 
cessful practice of forestry in man 
gions. We have our sciences of for 
entomology and forest pathology as bases 
for the protection of forests from insects 
and fungi, but our fire-fighting will 1 
be based soundly on the science of forest 
pyrology until we have profited by 
great deal more and far better fire 
search. 


wise 


ot spre 


progr S 
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BIG KANGAROO HIND LIMB BONES 


vround 


there 


does not touch the 
The kangaroo. 
Fig. 2). In 


bones of the 


and 


raised 
between Jumps 
fore, is digitigrade 
animals which jump, the 
upper and lower leg form an acute angle 
at the 


ning forms, the angle is apt to be obtuse 


knee In the walking and run 


So we must distinguish the leaping forms 
from the walking forms, the plantigrade 
the mechanies 


from the digitigrade, for 


, 
| * : 
ot each Cast 


ditfer 
bipedal 
The kangaroo or kangaroo 


the bear 


In another way ean animals 
be classified 
rat is completely biped, while 
and certain lizards are occasionally so 
Where His chief 


organ of locomotion is his hind legs, but 


No one would 


comes old man frog? 


at rest he is on all fours. 
call him bipedal 

So we have all grades from the com 
plete biped to the obligatory quadruped 
A study of biped habit is not 
thing. It 
few of 


a simple 
might be 
the 


profitable to men 
animals 


their 


tion a groups of 


members of which have taken to 


hind 
tain biped forms 


legs Four orders of reptiles eon- 
All birds are biped 
In Mammals bipeds are found in four of 
the 


kangaroo 


orders: in the Marsupials, as the 
the 


shrew: in 


Insee- 
the 
Rodents, as the jerboa, kangaroo-rat. Si- 
rabbit the 


and wallaby; in 


tivores, as the elephant 


and 


berian 


jumping Cape 
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sius and man 
As illustrated 


limbs of all verte 
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lo 


hind 
structed on the 


Sa lie reneri | 
this study we center our attention on 
leg bones, femur and tibia, as we 
those foot bones called metatarsals 


W. K 


bones ot 


Gregor) has mi 
the limbs 


He showed 


the lees adapted to running | 


hind 
animals (Ungulata 
tively short femurs, as in the deer, 
legs of heavy animals which waddle 
femurs In the latter group 
have the 


We find the 


long 
hippopotamus and elep} 


same eonditior among ats 


tigrade and plantigrade bipeds 
lively animals that dance on thei 
have relatively shorter Temurs that 
slower bipeds that slump around 
their heels on the ground 

When we consider The relative lene 
of the bones of the hind lees. the fer 
and the tibia ie. 3 ( cLINt 
that the ratio derived by dividing 
length of the femur into ft] engt 





~" 


PSS 





FIG STRUCTURE OF THE HIND 1 
OF ALBINO RAT 
W. K. Gregory, Annals of the New \ 
Academy of Science, 22: 267-294, 1919 | 
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short, 
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limbs. W he hh this dog died he procured 


its careass. Comparing its hind legs 
with that of other dog skeletons he found 
that 


just as Fuld and Knickmevyer discovered 


its femur was relatively shorter, 


in the artificially biped dogs 

Since these experiments have attracted 
the attention of zoologists interested in 
the 
the 


was 


theory of evolution,‘ 
that a 


selected 


Lamarckian 
thought 


necessary, So he 


author verification 
the white 
rat, to which man is already deeply in 
debt, as a convenient subject 
The fore limbs of white rats were re 
moved from half the individuals of over 
fifty 


shortly after birth while the young rats, 


litters. This operation was made 
blind and helpless, were under the effects 
of ether. 
part in the experiment 


Over two hundred rats took 
Fig. J These 
rats were raised in specially constructed 
feet 
had an opportunity to hop about and so 


cages SIX long so that the animals 


get plenty of exercise (Fig. 5 

When the rats were full grown, five to 
seven months old, they were killed, the 
skeletons cleaned up and the bones of the 
hind together with the 
4H. 140, 1922. 
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Vat.. 56: 


legs 


F. Osborn, Am. 
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biped animals, the 
killed at 

As a result of this study in 
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significance of the difference was 
by statistical methods, it was fom 
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trol, (2) that 
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below the knee joint, (3 
howshaped and } 


became 
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spread toes and accompanying st! 
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Fig. 6 
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rupedal rats taken from the sami 
it was found that the feet of the 
are placed further apart than 
Fig. 4 
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the controls This dist ' 
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Also. the toes of the bipe 
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By Dr. M. RUSSELL STEIN 


Y 


human 
the 


lodged 


STRANGE 1s the breadth of 
still 
beliefs 


cranium. It 


credulity, but stranger are 


varieties of antithetical 


within the walls of a single 
is doubtful whether any age entertained 
notions as contrasting as those embraced 
by the moderns. An explanation of the 


apparent paradoxical gullibility to-day 


might be sought in the changes effected 


by machinery on western civilization 
The transition period from an age of 
credence to an age ot science offers a 
diversity of experience which never be 
fore was possible. From a single mod 
vestiges of 
is but the 
history of mankind 


the His 


habits and eustoms cries out 


ern man can be dissected 
civilizations of the past, for he 
the 


stone to 


coneretion of 
from the 
bundle of 
the cultural background of his society 

Within the 
there 


radio 


ave 


very shadow of a medical 


center rises a magnificent temple 
While William 
Jennings Bryan immortalizes the Scopes 
trial Millikan 
While Aimée Semple MacPherson saves 


to Christian Science 


weighs the eleetron 


the souls of thousands of strayed lambs 
MacLeod ISO 


lives ot as 


of the Lord, Bantine and 
save the 
The 


world peace are laid synchronously with 


late insulin and 


mans diabeties eorner-Stones ot 
the launching of sturdy battleships. In 
the 


and phrenologists, physicists and spirit 


same city there live psychologists 
ualists, chemists and alchemists, physi 


clans and voodooists, astronomers and 
fortune-tellers, logicians and Holy Roll- 
fundamentalists entertain no 
the the 


physicists abhor the scourge of spiritual 


ers The 


admiration for biologists, and 


ism And in this maelstrom of skepti- 
cism and gullibility, sincerity and de 
ception, bigotry and heresy, the eventful 





pages ol the history of hypnotis 


written, exploited as a phenome) 
neglected as a science 


There 


tions concerning hypnosis, and 


are many popular PIs 
still some reputable 
think it 
majority of people have heard of 


psychologist 


form of spiritualisn 


Is a 


sis through various non-scientifi 


nels, and their knowledge and op 
on the subject are cloaked with dis 
and mystery 

Hypnosis, more than any other 
has 


of psychology, been dept 


scientific investigation becauss 


lar disrepute For over a hundr 
fifty 


tanism 


vears its association wit! 


and mavic has blacken 


reputations of those who dabbled 
College protessors are still 


request 
their orthodox boards of trustees 1 
their experimentation in 


‘ 


one instance the professor o 


/ 


in a large Eastern university was t 


ened with arrest for 


demonstt 
phenomena to his st 


hypnotic 
little or} 


Physicians are taueht 


about it 


because of the 


tabus t 
medical Soc LeTLEeS Psychologists 
disearded it as a technique for ps 


analysis Academicians hav 
with it as they would with an int 
toy. From every angle research 1 
field 


little respectability in America an 


Hypnosis 


has been stifled 


; 


heretofore been relegated to the 


and ocecultism. The average inst! 
in psychology passes over hypnosis 
Sunday school teacher passes 
Bible 


If hypnosis had not been exploit 
the past 


‘*filthy’” passages in the 


mountebanks in 
the 


sO many 





importance of mental mecha? 


HY PNOTISM TO-DAY 


rituaiisn 


spiritualisn 


The public 


on 
Popular ten ¢ pamphle 
ire the mysteries ol yvpnotism 
eredulous readers. The works o 
vell and Moll are read sparingly 
respondence courses unveil life’s 
terles to vot r the ‘*small sum of 
r building and the 
improvement o ales ability are bot! 
neluded for ame fee. ‘** You learn 
how man’s inate goodness can be 
proved by hypnotism and how to 
be irresistible to the opposite 
Photostatic copies of testimonies verify 
ing these claims are printed in the cata 
logue You are taueht how to | vpnotiz 
in public, will make vou the at 
traction at li After impress 
ing the reader by ‘are privilege of 
being able ¢ tak ‘course with this 
particular profe prospectus em 
phasizes the fac e end of that 
course one receives a finely engraved 
diploma signed by the professor himselt 
whose hypnotism acts are always heat 
liners at vaudeville shows! 

Thus a fertile opportunity for inves 
tigation into a psychological phenome 
non has been carried away on the great 
band-wagon of exploitation 

On the stage and at parlor **séances’”’ 
the object of the hypnotist is obviously 
to make the demonstration as sensational 
as possible, amazing the audience wit] 
his formidable will power. The result 
ing extravagant claims of these enter 
tainers have led to a complete denial of 
the validity of hypnotic phenomena 
Hypnosis has a shady reputation, and 
In an effort to lift it from public li 


le To 








since the time of Mesmer we find hypno 
sis being used to cure anything in the 
gamut of human ills, from a cold to the 
last stage of syphilis 

To-day there are still some physicians 
devoting their entire practices to work 
in hypnosis. As specialists in their field 
they should know more about the medi 
than do 


cal possibilities of hypnosis 


their fellow practitioners, who have 
gazed, some with admiration and some 
with reprehension, at their clinies 
Like most specialists, the hypnotists 
have overestimated the importance of 


This 


exaggeration, coupled with the radical 


the type of therapy they advocate 


beliefs involved in hypnotic treatment, 
the 


physicians 


irritates conservative majority of 


Antagonism and _ disap 
proval flared up against the mesmerists 
at the end of the eighteenth century and 
have been burning ever since. The con- 
flict 


ready at red heat when the word hypno- 


with established medicine was al- 


tism was coined by James Braid in 1843. 
The more intensely the hypnotist fought 
for his principles the more significant 


they appeared to him to be. James 


Esdaile, who had performed thousands 
of major and minor operations under 
hypnosis at hospitals in India, was but 
one of the many unfortunate victims of 


bigoted professionalism. His work was 


enlightening, but the medical journals 


refused to publish his reports Esdaile 


wrote to the profession in 1852: 


To pretend that there is a free medical press 


in Great Britain is a mockery and delusion. 


And the proof of this is that medical men, who 


pledge their unblemished and profes 


reputation for the truth of 


private 


their state 


sional 
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ments, are not allowed to be heard |} 
your professional organs, if what the 
is contrary to the prejudices and foregone 


clusions of the editors 


The early psychotherapists saw in 


sudden development of the art of nvp 


sis the dawn of a new scientific era 
last light had been thrown on the 
scure problems of medicine. To 


the sophisticated physician looks b 


with scorn at the fanaticisms and shi 
sightedness of these men But one n 


bear in mind that the annals of medi 
are by no means a glorious processio1 
There is ar 


fait] e107 
Laitti Cu 


sclentifie achievements 


broken series of fads and 
from the primitive fetish to the mod 
bread pill. Faith cures actually do ¢ 
continue to do so until n 
The 
plays its part in the 


The loss of 


America in t 


and will 


stops believing element ot 
efficiency of 
therapeutic agent inter 
in hypnotie therapy in 
last thirty vears was not due to the 
the 
the 
Mrs. Eddy’s bigger and better systen 


It will ta 


mal disapprobation of dignif 


medical societies but to advent 
therapy, Christian Science 
another half century before the medi 
profession fully appreciates the imp: 
tance of the role played by social ré 
tions, belief and faith in bodily healt 
The fad of hypnotie therapy is 1 
ferred to as ‘‘the folly of the nineteent 
century’’ and ‘‘the great psychologi 
crime,’’ but from it has evolved a wealt 
of experimentation and knowledge 


abnormal psychology. From it hi 
grown a new science, the professors 
which speak of hypnosis in equivoe 


terms. 
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KARL TAYLOR COMPTON, eminent 


tist and member of a family of dis 


shed edueators, was inaugurated 
th president of the Massachusetts 
tute ot Technology on June h By 


took oft ce Was Dr Samuel 


: side as he 
sley Stratton, who has been president 
e institute since 1923, and who now 
mes chairman of the corporation 

More than 4.000 euests witnessed Dr 


( pton’s inauguration, and of these at 
st 2.000 were alumni of Technology, 
vathered here for the All-Technology Re 
nn which opened on June 6 The ofti 


delegates included representatives 


t] country, 


ie leading colleges of the 
| many from abroad, as well as the 
rned and professional societies, high 
my and navy officers and officials of 
» state end city governments ol Boston 
d Cambridge 
Eastman Court, the great quadrangle 
rrmed by three sides of the main group 
Technology ’s academic buildings, was 
massive setting for Dr. Compton's 
auguration Pink and white rhodo 
dendrons in full color marked the bor 
lers of the broad lawn on three sides, 
and at the north end of the court the 
wiant pillars of the main colonnade sur 
ounted by Technology ’s great vray 
dome formed a majestic background for 
the ceremony. 


} 


The platform for the presidential 
party and delegates was a structure of 
striking architectural beauty It was 
pearl gray in tone, carrying out in vari 


ous decorations and symbols the official 


olors of the institute and its signifi 
cance in science and engineering On 
the front of the rostrum was the great 


bronze seal of Technology, while directly 


behind the speakers’ stand stood a high, 


micireular architectural screen flanked 
either side by pillars of dignified sim 
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seribed in letters of gold 

if the past presidents of Ti 
William 
and Runkle. Walker. Crafts 
Noyes Maclauri Nichols Thoms 
and Strattor 


At three o'clock ( 


Barton Rogers 


comber opened the ceremony by nti 
ducing Re Dr. Sher ho. 
invocation. His voice was car 

to all parts ot audience b 
address system ! d by memb ‘ 
the department of electri engi 
Dr. Stratton then made the oper 

dress in which he spoke of the comin 

Dr. Compton to lechnology Dr. Cor 
ton then del red fis lnaugul SS 
President Hibben. of Princeto eC} 
until recently Dr. Compton has bee 
head of the department of physics 
pressed the regret that 


Princeton felt upon the departurs 
Compton, but congratulated | n uy 


T\ yr hioh ache ement 


the opportunity tor hig 


Technology Dr. Lowell, of Harvar 
speaking AS he expre SSec 1 “as ! 
neighbor and a friend of Dr. Stratton 


recalled the growth of 


to Dr Comptol ne salad 
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TAYLOR COMP 


the outbreak of the 
could be done toward 


war its career began, 


but with rapidly grow r mbers 


few vears it was nea! overwhelmed 
economic crisis, and that—a pioneer in ed 
tion it survived was due to the devotion of 
faculty and the faith and courage of its 
jector and its corporation. Weathering 
storm it entered on a new a of prosper 
become what we ser he re 
Did | compare it to 


appropriate simile, for 
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THE WORLD'S FAIR AT CHICAGO 


CIENCE as the symbol of human prog 
ss and the imspiratior 


will unloose her 
for the first 


industrial 
evement cloak ol 
and reproduce 


ystery”’ 
whole drama ( 


in history the 


iracles’’ which began with th 


of the industrial revolution 


in the present so-called n 
tic age, have giver nankind 
ts beyond the fond amis 
ants of a hundred 


The scene of the 
xt Chieago World’ 
pen in 1933, and 

provided by the se 

ttee of the National 
of the 
enlisted the volun 


than four hundred 


eh, at the request 
istees, has already 


er services of more 
our ablest scientists, engineers and 
nathematicians for the presentation 
Just what pattern t 
be given has not 


his new exposition 
Dl ilosophy will vet 
finally been determined, but it will illus 


trate man’s highest achievements in the 


nterpretation of the forces of nature 
nd their adaptation to his every-day 
spectacular 


dynamie and sciences 
oposed by the men 


LSeS, In a 
It is not pr 
riven this problem their un 

past eight The contr 


ed se1lence 


physical 


arth science 


nanner., 
who have 
selfish attention for the 


months to sensationalize the advances 
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at the Chicago fair. will be a dominat- rived from adding to the 

ing note of the entire’ exposition The investigations on 
Through a cooperative effort of the of electricity through gases, t] 
national scientific societies and the tion of electrons and the struet 
American industries it 1s planned to matter are the links forming a 
show how, from a few single discoveries leading to telephone service, t] 
In pure sclence through the creative im- radio art and a host of other 
agination.§ ol practically minded men, things Qn the other hand. a s 
these scientific principles were applied every industry shows cha 

for the betterment and increasing com far back to the original 

fort of the human race pure science. 


Against the alleged evils that have The eross-connectine li 


attended the mechanization of industry, ¢hain of any one particular 


bringing mass production and power with the neighboring 01 
machinery to do manual work, it 18 petwork of whole modem 
planned to show how science is solving Geass Ga evbineien ore (hy 
the problem of readjustment and how relationships between our in 
10 ir standards ot | \ Yy are now at 
higher indard es =s - ; that alternating times of repress 
; ‘ > ae 9 Pes] f ‘OCTeS . : 
tainable as a ult of this prog! Ss prosperity pass over practical 
T » the scientifie discoveries which ; 
'o me t ae : them at the same tim 
connect the world of knowledge—ace 
. . . dustry went 1tS course 
quired for its own sake—with the world 
: , : the others, such 
of man’s daily existence are like the 
, : : : hardly oeceur. 
connecting links of an intrmieate chain a ‘st? 
’ lhe spirit o! cooperatiol 
network. From one side radiate chains, — . ) 
In the temple of science 
long and short, simple and complex 
mentary to this 
frequently ecross-connected but all ex ) me : 
: there exists also amone 
tending into the region where the org ~ : : : ' ~ mn = 
J 4 1 " ¥ ol ‘OompetTition 
ing of each link had back of it the motive - epirn ein tol 
uur wish to create 
of increasing the sum of human knowl It Is our wish creat 
edge philosophy that will be au 
Krom the other side stretch out other trom anything ever undertak 
chains, also long and short, simple and It will have deena throug! 
complex, and likewise frequently cross of uniformity in the manner of 
connected, but all extending into the tation and in the objecti 
region where the forging of each link presentation which has never heret 
had back of it the motive of some prae been present in any large exposit 


tical application or the gain to be de Maurice Ho 
THE CENTENARY OF ABRAHAM JACOBI 


Ir seems only the other day that a magnificent shock of hair crowning 
medical meeting was incomplete without small, trim figure, that we ne 
Dr. Jacobi in the chair: his vivid per- chronology to remind us he was era 
sonality is so contemporaneous that at a century ago. It was long our habit 
first it is difficult to realize his cente- group him with his friends Osler 
nary. Even the ‘“‘younger men in the Welch, with whom he was frequent! 
profession’’ remember so well that low sociated on committees and camp: 
volce with the interesting accent which and yet he was old enough to b 
often made us lean forward in our seats, father of either, and was in fact 
those deep set and penetrating eves, the teacher of the latter. In | long 
bronzed face, the splendid head and Jacobi knew Valentine Mott 
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ploneer surgeon who came into the world 
several vears before Washineton was in 
augurated president of the new nation 
and he likewise knew many internes who 
are now rounding out their first decade 
Of practice 

Abraham Jacobi was born before the 

Schleiden-Sehwann eel 1) the dis 
covery oft 
umphs of ereat men of Guy’s, 
introduction of experimental medicine 

Bernard: he was middle-aged 
birth of antisepsis and bac 
vs he was” old before von 

Behring treated diphtheria witl 
toxin and Jacques Loeb explained the 
theory of tropisms; vet he was modern 
enough to hear that the Soviet govern 
ment had established an Institute of 
Experimental Endocrinology at Moscow, 
and that the new generation of Russians 
had founded a Pediatrie Society at 
Oclessa 

Metternichism in 1848 closed the 
careers of myriads of promising youths, 
and -lacobi. for his participation in this 
European revolution, was transferred 
from the elinies to a Prussian dun- 
reon for two precious years the ink 
faded uselessly on his recent diploma. 
Then escape, through a friendly jailer’s 
intercession, and the three-master TJ ri- 
mountain earried the exile to a foreign 
shore. Forty years later the Prussian 
government invited the fugitive to re- 
turn——as professor of pediatrics in the 
University of Berlin, but too many ties 
bound ‘‘the last of the forty eighters’’ 
to the new motherland Jacobi had 
become an integral part of American 
life, and like Jacob Henle, who had 
tasted the same brand of Prussian 
justice, he declined the honor. 

Jacobi was one of the forces that 
made the nineteenth century the ‘‘cen- 
tury of the child.’’ Not only was he our 
first teacher of pediatrics both in the 
lecture room and at the bedside, not 
only was he the guardian at the nation’s 


nursery door, not only were his mono- 


graphs the guide posts of his 


but he made us remember th: 
ehild It Is Infinite 
that lacohi’s o 
rancy, and at 
loved Ernst 
O’*Dwver was 
four of his sons « 
of little patients 
thousands of mot} 
but the Tat 

could not 
veneration 

would hear 

boy. There 
library a set 
collected 


bound and save 
first page 1s writt 
characteristic | 
gqesamme}l 

monv ol 
medicine. 

In these days ol ePVe 
biographies, it iS a strange 
the present writer's ‘* Life of 
remains the only biography 
factor of the human race 
unique In many ways, 
thousands who knew 
those who should pause 
recollections Let us hope t] 
tenary of his birth will st 
disciple to preserve for 
record of the man who tai 
eal profession the import 
ehild. The science ol 
make technical advances s 
never knew, but a nobler pl 
Abraham Jacobi will neve 
child’s bedside His lifel 
pure milk certainly deserves 
To this biograp! er we i 
ment The father « 
America—he brought the 


medicine: he taught a na 


; 


feed its infants: and childhood 


because ot the lite 
Jacobi. 





